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                                  ABSTRACT

    Information in this manual is for use by qualified engineers in
selection and design of a base-specific disposal method of solid waste.  
term "solid waste" in this manual is defined by the Environmental Protect
Agency in accordance with 40 CFR 257, Regulations on Criteria for
Classification of Solid Waste Disposal Facilities and Practices, 1982.
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                                  FOREWORD

This design manual is one of a series of civil engineering design manuals
developed for Navy use.  The contents of this manual are based on accepte
current state-of-the-art practices and governmental agency regulation.
This manual incorporates, to the maximum extent feasible, national
professional society, association, and institute standards in accordance
with NAVFACENGCOM policy.  Deviations from these criteria should not be m
without prior approval of NAVFACENGCOM HQ (Code O4K2).

As state-of-the-art practices and regulations change, the changes should
be reflected in the manual.  Accordingly, recommendations for revisions
are encouraged from within the Navy and from the private sector.  These
recommendations should be furnished to Commander, Pacific Division, Code
406, Naval Facilities Engineering Command, Pearl Harbor, HI 96860 for rev
and for ultimate incorporation into the manual as appropriate.

This publication is certified as an official publication of the Naval
Facilities Engineering Command and has been reviewed and approved in
accordance with SECNAVINST 5600.16A, Review of Department of the Navv (DN
Publications; Procedures Governing.

                                   J. P. JONES, JR.
                                   Rear Admiral, CEC, U.S. Navy
                                   Commander
                                   Naval Facilities Engineering Command
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                        Section 1: PRELIMINARY DATA

1.1  Scope.  This manual provides guidance to engineers for design of
disposal facilities and associated systems to handle solid waste generate
at Navy shore installations.  As defined in the Environmental Protection
Agency (EPA), Criteria for Classification of Solid Waste Disposal Facilit
and Practices, 40 CFR 257, solid waste is:

    "Any garbage, refuse, sludge from a waste treatment plant, water
    supply treatment plant, or air pollution control facility and
    other discarded material, including solid, liquid, semisolid, or
    contained gaseous material resulting from industrial, commercial,
    mining, and agricultural operations, and from community
    activities, but does not include solid or dissolved material in
    domestic sewage, or solid or dissolved materials in irrigation
    return flows or industrial discharges which are point-sources
    subject to permits under Section 402 of the Clean Water Act, as
    ended (86 Stat. 880), or source, special nuclear, or by-product
    material as defined by the Atomic Energy Act of 1954, as amended
    (68 Stat. 923)."

    Hazardous wastes, as described in Subtitle C of Public Law
94-580, Resource Conservation and Recovery Act of 1976 (RCRA), are not
discussed.

    Solid wastes are typically handled and disposed of in one or more of
several ways, including shredding, baling, source separation, recycling,
composting, pyrolysis, incineration and heat recovery, and land disposal
(e.g., sanitary landfill).  Ocean disposal is also permissible, although
obtaining a permit is difficult.  There are currently no ocean sites
permitted for solid waste disposal.

    The term "disposal" is used to identify the point where the Navy
relinquishes control of its solid waste or provides for its ultimate
disposal.  Only land disposal is a practical ultimate disposal method.  T
other disposal or handling systems, except ocean disposal, reduce the
initial volume of solid waste, but leave varying amounts of residues that
must be deposited in a controlled land disposal facility.  This manual
addresses each of the above disposal methods, except ocean disposal, with
the emphasis on sanitary landfilling.  Furthermore, the focus on landfill
is for the handling of family housing and other nonhazardous installation
wastes.  The practices outlined are applicable to solid waste in general,
and the document can be used for guidance in disposing of any of the
previously mentioned solid wastes.

1.2  Cancellation.  This manual, NAVFAC DM-5.10, Solid Waste Disposal,
cancels and supersedes the previous DM-5.10 manual dated October, 1979.
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1.3  Related Criteria.  Other NAVFAC criteria related to solid waste
disposal appear elsewhere in the NAVFAC Design Manual Series as cited bel

    Subject                                        Source
    ÄÄÄÄÄÄÄ                                        ÄÄÄÄÄÄ

    Incinerators                                 MIL-HDBK-1003/2

    Surveying                                    DM-5.01

    Hydrology                                    DM-5.02

    Drainage Systems                             DM-5.03

    Pavements                                    DM-5.04

    General Provisions and Geometric Design      DM-5.05
      for Roads, Streets, Walks, and Open
      Storage Areas

    Domestic Wastewater Control                  DM-5.08

    Industrial and Oily Wastewater Control       DM-5.09

    Fencing, Gates, and Guard Towers             DM-5.12

    Hazardous Waste Storage and Transfer         Interim Criteria
      Facilities

    Groundwater Pollution Control                DM-5.14

1.4  Policies. Solid waste disposal policies shall be governed by the
guidelines and regulations in paragraphs 1.4.1 through 1.4.4.

1.4.1  Federal, State, and Local Guidelines and Regulations.  Applicable
federal solid waste guidelines and regulations are contained in
Environmental Protection Agency (EPA) criteria in the following Code of
Federal Regulations (CFR):

    40 CFR 240          Guidelines for the Thermal Processing of Solid
                        Wastes.

    40 CFR 241          Guidelines for the Land Disposal of Solid
                        Wastes.

    40 CFR 243          Guidelines for the Storage and Collection of
                        Residential, Commercial, and Institutional
                        Solid Waste.
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    40 CFR 245          Promulgation Resources Recovery Facilities
                        Guidelines.

    40 CFR 247          Guidelines for Procurement of Products that
                        Contained Recycled Material.

    40 CFR 255          Identification of Regions and Agencies for Solid
                        Waste Management.

    40 CFR 256          Guidelines for Development and Implementation of
                        State Solid Waste Management Plans.

    40 CFR 257          Criteria for Classification of Solid Waste
                        Disposal Facilities and Practices.

    Each Navy facility must conform to these federal and to all state
and local government guidelines and regulations.  Additionally, they must
comply with OPNAVINST 5090.1, Environment and Natural Resources Protectio
Manual, and with DOD Directive 4165.60, Solid Waste Management - Collecti
Disposal, Resource Recovery and Recycling Program, October 1976 (Programs
and L), as well as conform to NAVFAC MO-213, Solid Waste Management.

    A list of agencies responsible for solid waste disposal operations
in each state is provided in Table 1.  It is important to coordinate all
solid waste disposal activities with state and local enforcement agencies
to assure regulation compliance and efficient disposal operations.

1.4.2  Solid Waste Segregation.  Solid wastes can be segregated at the
source, at transfer stations, and at the disposal area for subsequent sal
as secondary materials.  Newspapers, office paper, metals, and glass are
typically segregated for sale in source separation programs.  Segregation
wastes at the source of generation can be more cost-effective at military
installations than in civilian communities because the participation of a
solid waste generators can be mandated by installation leaders.  When the
Defense Property Disposal Office, which is an office under the Defense
Logistics Agency of the Department of Defense, sells segregated solid
wastes, the activity receives the proceeds.

1.4.3  Municipal Contracts.  Contracts with municipalities or private
industry can be arranged to allow either disposal of Navy solid waste at
offsite waste disposal facilities or disposal of offsite solid waste at N
installation disposal facilities.  The former method of disposal is favor
where the cost of disposal is equal to or less than the cost of building 
operating onsite disposal facilities.
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1.4.4  Joint Military Operations.  Where several Department of Defense
(DOD) activities are concentrated in a metropolitan area, and where
municipal operations are not available, joint operation of disposal
facilities shall be considered.  Such cooperation often allows more
sophisticated, economically sized, and safe disposal facilities with
advanced design and operation characteristics.  A centralized control gro
having authority to establish rules governing solid waste disposal practi
should be established if joint operation is implemented.
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               Section 2: PLANNING FOR SOLID WASTE MANAGEMENT
                           AT NAVY INSTALLATIONS

2.1  Introduction.  When planning for solid waste management facilities a
operations at Havy shore installations, the following steps are suggested

     a)   Determine existing and projected solid waste quantities and
characteristics.
     b)   Design and evaluate solid waste collection system
characteristics.
     c)   Evaluate opportunities for recycling and resource recovery and
design, select, and implement a system(s), if cost-effective.
     d)   Evaluate solid waste disposal systems and modify, design, and
select the most viable system(s).

2.2  Solid Waste Characteristics.  A knowledge of existing and projected
solid waste quantities and characteristics is important in selecting and
designing all of the other elements in the solid waste management plan.

    Solid waste to be handled/disposed of at a Navy installation may come
from onsite sources only, or may also come from offsite sources (e.g., a
nearby city or town or other nearby Navy installation) if the installatio
has agreed to participate in a regional solid waste program.

    Navy installations generally do not generate large quantities of soli
waste.  Almost 60 percent of the 39 surveyed Navy installations generated
less than 60 tons (54 metric tons) per day of solid waste, and none
generated more than 300 tons (272 metric tons) per day (see Stearns, Conr
and Schmidt [SCS] Engineers, Analysis of Responses to Questionnaire for
Naval Shore Facilities Solid Waste Management Practices and Procedures), 
73.012.  Therefore, disposal systems at most Navy installations need to b
capable of handling only relatively small amounts of solid waste.  Furthe
solid waste volumes are generally too low to economically support
sophisticated handling, processing, and disposal techniques available for
large solid waste quantities, unless such endeavors are undertaken in
conjunction with other naval installations or with local governments.  A
description of these techniques, including design information, is present
in Section 6.

2.3  Collection and Hauling Options.

2.3.1  Direct Haul.  Waste is typically hauled in the collection vehicle
from the point of collection to a disposal site.  This procedure is calle
"direct haul."

       Solid waste may be collected by either Navy personnel or contracto
There may also be a combination of approaches, depending on conditions at
a specific installation.  A common arrangement includes contracted
collection in the family housing areas, and collection by Navy personnel
from the commercial and industrial sources.  However, collection and haul
from all areas of an installation can be accomplished by Navy personnel o
by contractors.
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       Solid waste collection (and in fact all aspects of solid waste
management) are subject to the Office of Management and Budget
(OMB)-required Commercial Activities (CA) reviews.  Through these reviews
the feasibility of providing solid waste services through contractors are
assessed.  If there is a cost advantage to contracted services, preferenc
is given to that approach.  Most installations have a Commercial Activiti
Coordinator who can answer questions about these reviews.

2.3.2  Transfer.  It may be cost-effective for a Navy installation to hav
its own solid waste transfer station.  Transfer stations are locations wh
collection vehicles empty their loads into larger containers or vehicles 
subsequent hauling to the disposal site.  Transfer stations are
cost-effective where haul distances to disposal sites are relatively long
They should be considered if it is more economical to haul wastes to the
disposal sites using transfer vehicles rather than by direct haul by
collection vehicles.  Transfer stations are usually practical only at the
larger Navy installations.

2.4  Resource Recovery.  Some forms of recycling are usually practiced on
most Navy installations.  Often materials from the industrial and commerc
areas are separated at the source when there is a market for them.
Most of these materials are disposed through the Defense Property Disposa
Office (DPDO) on the installation.  Normally, at least two grades of meta
can be sold by the DPDO and in some instances there are markets for scrap
wood and other materials.

     Federal material recovery guidelines (40 CFR 246, Sources Separation
for Materials Recovery) require the assessment of feasibility of recyclin
three grades of paper at Navy (and other Federal) installations.  Types o
paper covered are newsprint from family housing areas on installations
where there are 500 or more family housing units, corrugated material fro
commissaries and other sources, and high-grade paper (white ledger) from
office buildings in which 100 or more office workers are employed.

     If the feasibility of recovering one or more of these paper grades i
indicated, these programs should be established with an overall coordinat
identified.  The DPDO can provide information about markets for these
materials.

     When the DPDO sells segregated solid waste, the activity receives th
proceeds.
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2.5  Solid Waste Disposal.  One of the first steps in developing overall
Navy installation solid waste management plans is to determine the locati
of disposal facilities and the type of facilities to be provided.  Normal
solid waste is disposed of at a sanitary landfill.  It is required that t
Navy assure that its solid waste is disposed of in state-permitted or
state-approved facilities authorized to receive the types of solid wastes
generated at the installation.  Such disposal may be accomplished at a
Navy-owned sanitary landfill, permitted by the state in which the facilit
is located, or at a private or publicly owned site located on or off the
Navy installation.  At these facilities, it is customary for the Navy to 
a disposal fee and to have a long-term contract for the disposal of the
solid wastes.  These private or public sites must also be permitted to
dispose of the solid wastes delivered by the Navy.

    Solid wastes may also be disposed of as a part of a contracted
collection arrangement.  This is the situation when the installation has 
contracted solid waste collector who hauls the solid waste to a private o
publicly owned disposal facility.  In such instances, the Navy essentiall
relinquishes control of the solid waste when it is put into the collectio
vehicle.  Specifications in contracts for this type of service must inclu
the provision that the solid waste is to be disposed of in a state-permit
facility.
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                   Section 3: SOLID WASTE CHARACTERISTICS

3.1  Introduction.  Solid waste types and quantities generated for a Navy
installation can best be determined by means of a field survey.  (The fie
survey methodology is provided in Naval Civil Engineering Laboratory (NCE
TN-1712, Phase II of the Waste Assessment Method for Navy Shore Activitie
Proposed Survey Method.  The overall waste characterization process is
contained in the M. Roberts, and K. Sevanson, Heat Recovery Application
Guide.)  If resources are unavailable to conduct such a survey, estimates
can be made based on existing solid waste generation data for other naval
installations.  In the event offsite solid wastes will be accepted as a
result of involvement in a regional solid waste program, it is also
important to ascertain solid waste types and quantities from these source
A knowledge of the quantities and characteristics of solid wastes to be
disposed of is important since these factors affect:

    a)  The method of disposal to be selected (e.g. incineration,
landfilling, etc.).
    b)  The size and throughput capacity of the disposal facility require
    c)  Environmental impacts at the disposal location (e.g., types of
potential air pollutants).
    d)  Viability of recycling and resource recovery (e.g., source
separation, landfill gas (LFG) generation/recovery, heat recovery
incineration, etc.).

3.2  Solid Waste Types.  The types of solid waste that can be expected to
generated at various installation sources are presented in Table 2.  This
information, and the information contained in Figure 1 and Tables 3 and 4
was determined as part of a solid waste generation survey sponsored by th
NCEL in 1972.  Solid waste composition that can be expected from an offsi
municipality is presented in Table 5.

3.3  Waste Quantities.  Table 3 shows reported average per capita solid
waste generation rates for family housing areas for Navy installations as
whole.  Information sources include the NCEL survey effort, the NAVFAC
MO-213, Solid Waste Management Manual, and a 1971 survey conducted by the
U.S. Air Force of 90 Air Force installations.

    Figure 1 presents reported per capita solid waste generation rates by
installation classification for 37 surveyed Navy installations, excluding
family solid waste, but including such materials as industrial and
demolition type solid waste.

    Table 4 provides unit,emission factors (e.g., pounds of solid waste p
square foot of building space per day) for various Navy installation
sources.  Table 6 provides solid waste generation rates for Navy
installations (excluding family housing) and for other sources.  Emission
factors for buildings with similar functions compare favorably between
installations in most cases.  For a more detailed discussion of emission
factors, see SCS Engineers, Solid Waste Composition and Emission Factors 
Selected Naval Activities.
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                                  Table 3
                 Average Daily Solid Waste Generation Rates
                         from Family Housing Areas

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                               Average Waste Generation 
³          Source                                Rate (lb/person/day)[*][
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ NCEL Survey                                                5.81        
³                                                                        
³ Navy Solid Waste Management                                3.3         
³  Manual                                                                
³                                                                        
³ Air Force survey                                           3.94        
³                                                                        
³ Average                                                    4.35        
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

[*]  To project annual quantities, multiply daily rates by 365 days per y

[+]  11b/person/day - 0-454 kg/person/day.
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                                  Table 4
                  Summary of Emission Factors for Various
                         Navy Installation Sources

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³Solid Waste Generation Area           Emission Factor              Emiss
³                                          Units[*][+]               Fact
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³   Operational Buildings             lb/ftÀ2Ù/day                  0.004
³                                                                        
³   Aircraft Maintenance              lb/ftÀ2Ù/day                  0.009
³      Buildings                                                         
³                                                                        
³   Maintenance Building              lb/ftÀ2Ù/day                  0.002
³      (Ammunition, Explosives,       lb/person/day                 2.20 
³      and Toxics)                                                       
³                                                                        
³   Production Buildings,             lbs/ftÀ2Ù/day                 0.21 
³      (Ammunition, Explosives        lb/person/day                 30.8 
³      and Toxics)                                                       
³                                                                        
³   Warehouse Facilities              lb/ftÀ2Ù/day                  0.002
³                                     lb/person/day                 2.41 
³                                                                        
³   Commissary Facilities             lb/$ sales/day                0.106
³                                     lb/ftÀ2Ù/day                  0.133
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

[*]  11b/ftÀ2Ù of building floor area/day = 5.044 kg/mÀ2Ù/day.
[+]  11b/person/day = 0.454 kg/person/day.
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                                  Table 5
                      Example Composition of Municipal
                               Solid Waste[*]

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³   Waste Type                                             Percent of Tot
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³   Paper                                                       41.0     
³                                                                        
³   Garbage                                                      5.5     
³                                                                        
³   Metals                                                       6.0     
³                                                                        
³   Textiles                                                     2.0     
³                                                                        
³   Plastics                                                     1.5     
³                                                                        
³   Leather, Rubber                                              0.5     
³                                                                        
³   Vegetation[#]                                               20.5     
³                                                                        
³   Inerts[**]                                                  14.0     
³                                                                        
³   Wood                                                         2.0     
³                                                                        
³   Glass                                                        7.0     
³                                                              ÄÄÄÄÄ     
³                                                                        
³   Total                                                      100.0     
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

[*]   City of Los Angeles, California.

[+]   Percent of wet weight.

[#]   Excludes grass cuttings.

[**]  Includes ceramics, stones, dirt, and grass cuttings.
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                                  Table 6
                   Reported Solid Waste Generation Rates
                            from Various Sources

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³                                               Average Generation Rate  
³ Solid Waste Source                               (lb/person/day)[*]    
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³ Navy Installations                            Family Housing = 5.81    
³                                                                        
³                                               Base Housing = 8.86[+]   
³                                               Total Emissions = 9.78   
³                                                                        
³ Air Force Installations                       Family Housing = 3.94    
³                                               Base Facilities = 5.11[+]
³                                                                        
³ Municipalities                                Municipal Waste = 5.3[#] 
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
[*]  1 lb/person/day = 0.454 kg/person/day.

[+]  Includes industrial and demolition solid waste.

[#]  Does not include industrial, demolition, or agricultural waste.
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               Section 4:  SOLID WASTE STORAGE AND COLLECTION

4.1  Introduction.  When designing a solid waste disposal facility, it
is important to know the type of vehicles that will be delivering solid
waste to the facility.  Generally, a sanitary landfill can accommodate an
type of collection vehicle; however, other disposal methods (e.g., transf
station) may be able only to accommodate certain types of vehicles due to
height restrictions or other physical factors.  This section addresses on
those aspects of solid waste collection that potentially impact upon the
design of disposal facilities.  A more thorough discussion of solid waste
collection is contained in the NAVFAC, MO-213, Solid Waste Management
Manual.

4.2  Solid Waste Storage.

4.2.1  Onsite Solid Waste.  Solid waste at Navy installations is stored i
both manually and mechanically loaded containers.  Examples of storage
containers used are shown in Table 7.

4.2.2  Solid Waste from Foreign Sources.  The garbage portion of solid wa
entering Navy ports from foreign sources must be disposed of in a U.S. po
by one of the following U.S. Department of Agriculture (USDA) approved
methods:

    a)  Cooking by steam or other heat source in a leak-proof container
(dumpster) at 212 deg. F (100 deg. C) for a period of 30 minutes and
disposal of residues by burying in a sanitary landfill.
    b)  Incinerating in an incinerator approved by the Environmental
Protection Agency (EPA).
    c)  Grinding and flushing through a ship's collection, holding, and
transfer system to a USDA-approved sewage system ashore.

4.3  Solid Waste Collection Vehicles.  When selecting collection vehicles
consideration shall be given to vehicle size, local weight and height lim
for all roads over which the vehicle will travel, and the turning radius 
unloading height to ensure overhead clearance in transfer stations, servi
buildings, incinerators, or other facilities.

4.3.1  Principal Types of Vehicles.  Collection vehicles fall into two ba
categories, waste-haul and container-haul.  With the waste-haul vehicle,
solid wastes are collected from individual containers by emptying the
contents t into the collection vehicle.  The container-haul vehicle colle
and transports the waste-filled container to the disposal location,
empties the contents, and returns the empty container to its original
location.

4.3.1.1  Waste-Haul Vehicles.  The most common type of waste-haul vehicle
the compactor truck of which there are three basic types:  front-loading,
side-loading, and rear-loading.

    a)  Front-loading compactor trucks (see Figure 2) range in capacity f
20 to 52 cubic yards (15.3 to 39.8 cubic meters), and collect waste from
bulk containers.  The solid waste is loaded into the top front of the
compactor body, and is compacted by a hydraulic ram and platen which push
the solid waste against the rear of the body.  An optional 5-cubic yard
(3.8-cubic meter) bubble tailgate is available on these vehicles.
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    b)  Side-loading compactor trucks (Figure 2) range in capacity from 5
to 37 cubic yards (3.8 to 28.3 cubic meters).  These vehicles can collect
from bulk containers by mechanical lifting devices and by manual loading.
    c)  Rear-loading compactor trucks (Figure 2) range in capacity from 6
31 cubic yards (4.6 to 23.7 cubic meters).  These trucks can also collect
from bulk containers, but are used primarily for manual loading.  The sol
waste is loaded into a rear hopper and compacted by a hydraulically opera
platen which pushes the waste toward the front of the body.

4.3.1.2  Container-Haul Vehicles.  Two common types of container-haul
vehicles are the hoist-and-haul vehicle used with lugger boxes and the
tilt-frame truck used with roll-off containers and large, enclosed
compaction containers.  Figure 3 shows a typical hoist-and-haul vehicle a
the sequence of operations of a roll-off container being loaded onto a
tilt-frame truck.
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                      Section 5.  SOLID WASTE TRANSFER

5.1  Introduction.  A solid waste transfer system becomes economical when
the overall cost of transfer station construction and operation and waste
haul to the disposal site in transfer vehicles is less than the cost of
direct haul in collection vehicles.

    Solid waste transfer is not required at most bases since the distance
from the collection areas to the disposal site is generally short (e.g.,
less than 5 miles [8 kilometers]).  In instances where the disposal site
might be located at a remote onsite location or at an off-base regional
facility, a transfer system could prove economical.

5.2  Types of Transfer Stations.  There are several types of transfer
station systems commonly employed, which can be categorized into
noncompaction and compaction systems.

5.2.1  Noncompaction Systems.  The direct dump to container system is the
most basic and simple form of transfer system.  This system is employed
where small volumes (100 cubic yards [76 cubic meters] or less) of solid
wastes are handled.  Container volumes range from about 15 to 55 cubic ya
(12 to 42 cubic meters).  Full containers are replaced with empty ones, a
the full container is transported to the disposal site by tilt-frame truc
This type of system is advantageous because of low capital costs and simp
loading methods.  However, because of the low solid waste densities (abou
200 pounds per cubic yard [112 kilograms per cubic material] obtained, sp
containers may be required to handle incoming waste during peak periods.
Also there are potential hazards associated with this method, including
leachate generation due to rainfall into the open box and the possibility
someone falling into the container while unloading solid waste.

    With the dump into trailer method, solid waste is dumped from an
elevated area into trailers instead of drop boxes.  It is more commonly u
than the drop box system.  Trailers are available to handle up to and eve
over 130 cubic yards (100 cubic meters).  Open-top trailers are less
expensive initially and require less maintenance than the alternative
compactor trailer types.  Disadvantages of trailer systems are the same a
for the drop box systems except haul costs are less due to the larger loa
Once the solid waste is in the trailer, it is generally leveled and furth
compacted by a backhoe or similar tamping device.

    At the disposal site, various methods are used to unload the trailers
with the most efficient being the live bottom trailer.  The floor of thes
trailers consists basically of a conveyor or other active type floor syst
which, when activated, automatically unloads the trailer.

    There are several methods commonly employed to feed waste into transf
trailers, including the methods described below.
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5.2.1.1  Direct Dump.  With this method, solid waste is dumped directly i
the trailer from the collection vehicle from an elevated ramped area (see
Figure 4).  This method is suitable for solid waste quantities up to 100
cubic yards (76 cubic meters) per day.

5.2.1.2  Dump to Storage Pit.  For this system, solid waste collection
vehicles dump directly into a storage pit where the waste materials are
crushed by crawler tractors and then pushed over the ledge of the storage
area into the trailer.  This method is generally employed where solid was
quantities delivered exceed 500 cubic yards (380 cubic meters) per day.

5.2.1.3  Dump to Tipping Floor. This method is similar to the storage pit
method, except solid wastes are dumped onto a tipping floor rather than a
storage pit, crushed by crawler tractors, and pushed into the trailer (se
Figure 5).  This method is used effectively when solid waste delivery rat
range from 100 to 500 cubic yards (76 to 380 cubic meters) per day.

5.2.2  Compaction Systems.  These systems are generally employed only at
locations where solid waste delivery rates exceed 500 cubic yards (380 cu
meters) per day.  In a hydraulic compaction system, a transfer trailer is
backed into position and locked to a stationary compactor firmly anchored
a concrete foundation.  The compactors used are large, heavy-duty units
capable of handling most materials and producing the waste densities
necessary to obtain maximum legal payloads.  During operation, solid wast
is loaded to the compactor from a hopper and the hydraulically powered
reciprocating ram of the compactor forces the refuse horizontally through
the door in the rear of the transfer trailer.  At the disposal site, the
entire rear section of the transfer trailer is opened and the waste pushe
out by an ejection ram.  Because this system requires that the transfer
trailer be attached to the compactor, any hydraulic compaction system
prohibits the use of drive-through arrangements.

    There are several methods of feeding waste to the compactor hopper
including:

    a)  Direct dump into the hopper.
    b)  Dump into a hydraulic push-pit equipped with a hydraulically
activated ram which automatically feeds waste into the hopper.
    c) Dump into a storage pit or tipping floor where waste is crushed
and pushed into the hopper by a wheel loader or crawler tractor.
    d) Dump into an inclined conveyor which automatically feeds waste
into the hopper.

    Table 8 presents a summary of transfer station systems available for
use at Navy installations, including advantages and disadvantages of each
system.

5.3  Environmental Impacts.  The environmental impacts associated with th
transfer and haul of unprocessed solid waste include:

5.3.1  Noise.  Sources of noise at the transfer station include the
operation of collection and transfer vehicles, and any loading and
compacting/tamping equipment.
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5.3.2  Air Quality.  Air quality impacts at the transfer station include
idling of collection vehicles during dumping operations, exhaust from
operation of front-end loaders or crawler tractors, and dust generated by
the unloading of collection vehicles and haul vehicles.  Site users and
workers are exposed to dust especially when stations are enclosed; howeve
an enclosed station decreases the impacts on the surrounding community.

    The impact on air quality due to waste transfer is measurable; howeve
it is less than if waste is hauled directly to the disposal site via
collection vehicles.

5.3.3  Odors.  Objectionable odors can occur when mixed solid waste
containing organic matter accumulates in an environment conducive to
putrefaction.  To minimize odors, the waste receiving area at the transfe
station should be designed and staffed to handle peak day loads with
adequate time provided for a thorough daily cleanup.

5.3.4  Traffic Congestion.  Traffic to and from the transfer station may
cause congestion on nearby streets and intersections.  Also, haul operati
can cause significant congestion thereby slowing station operations.
Scheduling of collection and transfer truck trips to avoid peak traffic
hours can reduce this problem.

5.3.5  Litter.  The site should be fenced to contain any blowing litter, 
a daily litter cleanup procedure should be included in the operation plan
All solid waste transferred to and unloaded at the site should be covered
minimize the problem.  Haul trailers do not generally contribute to
littering because the solid waste is usually compacted or completely
contained inside the truck.

5.3.6.  Water Contamination.  Water pollution impacts at the transfer
station stemming from rainfall into the transfer containers or washdown o
the transfer station area and of the transport vehicles can be mitigated 
collecting and channelling runoff waters to a sewer system, or by collect
and treating the runoff prior to disposal.

5.4  Transfer Station Siting.  Finding an optimal transfer station site c
be accomplished in the following manner:

    a)  Determine the type and size of site required for initial transfer
station operations and for possible future expansion of transfer station
operations or construction of resource recovery facilities.
    b)  Identify potential areas where a site of this size could be locat
    c)  Evaluate potential sites using the following criteria:
         1)  Collection and transfer vehicle access.
         2)  Availability of proposed site for use as a transfer station.
         3)  Proposed future surrounding land use.
         4)  Existing facilities adjacent to proposed site.
         5)  Environmental impacts (e.g., visual, odors, etc.).
         6)  Foundation conditions.
         7)  Central to existing and proposed future collection areas.
         8)  Proximity to existing or projected future disposal
location.
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    A numerical rating system, as illustrated in Table 9, can help rank
the sites in order of preference.  Note that a rating system can provide 
reasonable approximation of the best site location, but engineering
judgement will still be essential in deciding on the final site location.

5.5  Transfer Station Costs.  Costs to be considered are as follows:

    a)  Capital Costs.

         1)  Design engineering and environmental impact statement (EIS)
preparation.
         2)  Legal costs (permitting, etc.).
         3)  Land acquisition.
         4)  Site improvement overhead (SIOH).
         5)  Site preparation.
         6)  Concrete structures, foundations, and buildings.
         7)  Security system.
         8)  Landscaping.
         9)  Transfer bins, tractors, and trailers.
        10)   Wheel or track loader.
        11)   Equipment for leveling and tamping solid waste in transfer
trailers.

    b)  Annual Costs.

         1)  Transfer bins, trailers, and tractors
             (a)  Operations and Maintenance (O & M).
             (b)  Taxes, licenses, and insurance.
         2)  Labor.
         3)  Transfer station O & M.
         4)  Building amortization (as applicable).
         5)  Transfer station equipment O & M (as applicable).

    Once these costs are developed, a comparison with direct haul versus
transfer vehicle can be made and the most viable system selected.  Figure
presents an illustration of direct haul versus transfer haul cost compari
curves.
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                                  Table 9
                          Example Transfer Station
                           Site Rating Evaluation

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³                                                    Site No.            
³                                    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³ Evaluation Criteria                  1        2       3       4       5
³                                                                        
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³ Central to Collection Area[+]        8[*]     4       8       6      10
³                                                                        
³ Proximity to Disposal Site[+]        5        6       7       8       3
³                                                                        
³ Collection and Transfer              8       10       6       4       8
³   Vehicle Access[+]                                                    
³                                                                        
³ Existing and Future                  3        2       4       2       5
³   Land Use                                                             
³                                                                        
³ Land Area Available                  4        2       4       3       3
³                                                                        
³ Availability of Site                 3        2       3       5       3
³                                                                        
³ Environmental Impacts                3        4       2       2       2
³                                                                        
³ Foundation Conditions[+]             6        6       5       5       7
³                                     ÄÄ       ÄÄ      ÄÄ      ÄÄ      ÄÄ
³                                                                        
³ Total Score                         40       36      39      35      41
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
[*]  Rating system scoring is based on a scale of 1 to 5, with 5 meaning
     that the site best meets the criterion. Criteria with + are double
     weighted to indicate relative importance.

[#]  Most desirable site, based on rating system.
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                   Section 6:  SOLID WASTE PROCESSING AND
                        VOLUME REDUCTION CONVERSION

6.1  Solid Waste Processing Operations.  Solid waste may be processed
manually, mechanically, or both for the purpose of separating and recover
materials from it, and to reduce the amount of material requiring disposa
at a sanitary landfill.  Commonly used waste processing operations and th
benefits are summarized in Table 10.

    The configuration of a mechanical solid waste processing system is
selected to achieve site-specific product specifications.  A schematic
representation of a processing configuration is shown in Figure 7 to
familiarize the reader with typical system variations employed to recover
various solid waste-derived materials.  As illustrated in the figure,
various degrees of processing and of material recovery are potentially
possible.  In general, the greater the degree of processing, the greater 
quality (i.e., lack of contamination) of the recovered materials, and the
higher the cost of equipment and operations.

    The area required for a solid waste processing plant depends on a num
of factors, including the mass throughput rate, the degree of processing,
and storage requirements.  As an example, the area of a building to house
the system schematically shown in Figure 7 would be about one fourth acre
(1000 square meters) for a plant with a throughput capacity of 100 tons (
metric tons) per day.  Approximately one fifth of that area would be devo
to solid waste receiving and storage.

    Diagrams of several of the unit processes described in this section a
shown in Figures 8 through 10.

6.1.1  Source Separation/Recycling.  Source separation is the manual
segregation of solid waste into a disposable component, and a recyclable
component or components at the point of solid waste generation.  The item
most commonly recycled through source separation are corrugated fiber,
newspaper, glass, steel cans, and aluminum beverage containers.  In the c
of residential solid waste, the segregated recyclable items are collected
from individual households using collection vehicles (i.e., curbside
collection); alternatively, recyclable items are brought by individuals t
centralized recycling centers.  Recycling centers may or may not offer
payment for materials taken to the center.

    The quantities of materials and the number of segregated components a
generally the governing factors in the selection of the type of equipment
used in curbside collection programs.  The type of equipment used in
curbside collection programs varies from commercially available collectio
vehicles to specially designed vehicles and container systems.

    Materials collected at the curbside are generally taken to a centrali
location for processing and storage.  At the centralized recycling center
separated items often require some processing (e.g., shredding and baling
to facilitate their transportation and to meet secondary material
specifications.
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                                  Table 10
                     Solid Waste Processing Operations

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³   Operation                          Typical Benefits                  
³                                                                        
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³  Source Separation      Reduces mass of waste requiring landfilling    
³                         through manual separation of aluminum cans,    
³                         steel cans, glass, newspaper, and corrugated   
³                         fiber prior to conventional commercial collecti
³                                                                        
³  Size Reduction         Improves compatibility of refuse with other    
³                         processing equipment; reduces need for landfill
³                         cover material; improves marketability of      
³                         recovered secondary materials.                 
³                                                                        
³  Air Classification     Concentrates combustible material in the light 
³                         fraction; concentrates metals and glass in the 
³                         heavy fraction.                                
³                                                                        
³  Screening              Improves the quality of refuse-derived fuel (RD
³                         and compost; serves to concentrate cardboard an
³                         can stock.                                     
³                                                                        
³  Magnetic Separation    Yields marketable ferrous scrap product; improv
³                         quality of RDF.                                
³                                                                        
³  Densification          Facilitates transportation and storage of RDF; 
³                         necessary for stoker firing of RDF.            
³                                                                        
³  Baling                 Facilitates handling, transport, and storage of
³                         refuse or recovered materials; increases densit
³                         of waste to be landfilled.                     
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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    Source separation may also be instituted at commercial and
institutional establishments. Generally, containers for each recyclable
component are located at each work station, at a central collection area,
both.  The removal of stored material occurs at regular intervals dependi
on the type of component, the rate of recovery, and the material sales
arrangements.

6.1.2  Size Reduction.  Size reduction is a mechanical process whereby
materials are reduced in size through breaking and tearing as a consequen
of the action of rotating elements.  The materials are held within a size
reduction device until their particle sizes are less than those of the
discharge opening(s) of the device.  The top size of the size-reduced
product and its size distribution are governed by a number of factors,
including the configuration of the rotating elements, geometry of the
discharge openings, the characteristics of the feedstock, and the feed ra
Hammermills are the most commonly employed pieces of size reduction
equipment for processing refuse.  Hammermills utilize high-speed, rotatin
hammers to achieve size reduction.  Size reduction is often the first
operation in a refuse processing system because it renders the waste more
compatible with other processing equipment, and it liberates and exposes
materials so that they can be separated downstream by other processing
equipment.

    Size reduction is also employed in some instances in landfilling
applications where allowed by regulations, inasmuch as landfills composed
shredded waste (termed "shred fills") require less cover soil than the
landfilling of unprocessed solid waste (i.e., direct from the collection
vehicle).

6.1.3  Air Classification.  Air classification is a process employing
principles of aerodynamics to segregate materials into a "light fraction"
and a "heavy fraction."  Particles with a high drag-to-weight ratio are
entrained in a stream of air and compose the light fraction.  In the case
air classification of shredded solid waste, light fraction is typically
composed of paper, plastic, and very small particles of all material
categories, and is it termed a combustible fraction.  Air-classified ligh
fraction is one form of refuse-derived fuel (RDF).  The particles not
entrained in the air stream compose the heavy fraction.  Metals, rock,
leather, rubber, dense plastics, glass, and wet bulky materials such as
garbage are concentrated in the air classified heavy fraction.  The
concentration of recoverable materials in the heavy fraction (such as met
and glass) facilitates their recovery by subsequent processing equipment.

    Air classification is also employed to remove contamination (e.g., pa
and plastic) from highly concentrated fractions, such as ferrous scrap
recovered using a magnetic separator.

6.1.4  Screening.  Screening is a process whereby particles are segregate
according to size in two dimensions.  The desired segregation of particle
sizes is effected by exposing the particles to a surface composed of
openings of the appropriate size.  The "oversized fraction" from a screen
operation refers to particles that are either too large to penetrate the
openings or are not exposed to openings due to interference.  The
"undersized fraction" refers to the materials that pass through the
openings.
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Three types of screens are used in the processing of refuse:
trammel screens, flatbed screens, and disc screens. The first two types of
screens employ rotating and vibrating actions, respectively, to cause material
to repeatedly fall onto the screening surface (composed of wire mesh or
perforated plate), and to progress along the screen. In the case of disc
screens, a series of rotating discs move the material horizontally along the
screen surface. Material falling through a disc screen is governed by the
dimensions of the spaces between the discs and between the shafts on which the
discs are mounted.

Screen openings generally are either round or square. The size of
the opening varies from 0.5 inches (13 millimeters) to 4 inches (102
millimeters), depending on the location of the units within the overall
processing plant.

Screening is typically used in solid waste processing systems to
improve the quality of the stream fraction destined for use as a refuse-derived
fuel. Quality improvement is accomplished by removing the finely sized
particles. The finely sized particles are predominately high in ash content
and in moisture content, and low in heating value. The average particle size
of RDF can range from 1 inch (25 millimeters) to 4 inches (102 millimeters).

Screens can be used for several other purposes in solid waste
processing such as scalping large pieces of cardboard from the raw solid waste
stream, concentrating aluminum cans, and controlling the size of particles
destined for incineration. The concentration of cardboard and cans is
generally done with "pre-trommel screens," that is, screens employed prior to
size reduction of raw solid wastes.

6.1.5 Magnetic Separation. Magnetic separation is a process whereby
ferromagnetic materials are removed from a mixture of magnetic and nonmagnetic
materials through the application of a magnetic field. Three types of magnetic
separators are used in refuse processing systems, namely the overhead belt
magnet, the magnetic head pulley, and the drum magnet. Each type of separator
relies upon magnetic attraction and ballistics to effect the recovery of the
magnetic ferrous materials. The purity of the recovered ferromagnetic material
is a function of the extent of upstream processing, of the throughput, and of
the strength and spatial arrangement of the magnetic separation system.

6.1.6 Densification. As it applies to refuse-derived fuel, densification
consists of the formation of high density unit particles through the
application of high pressure to a confined mass of properly prepared
combustible fraction of solid waste. The unit particles can take the form of
pellets, cubes, or briquettes and typically have linear dimensions on the order
of 0.8 to 1.6 inches (20 to 40 millimeters). The rotary die pellet mill is the
most commonly used device for the densification of refuse-derived fuel. In a
typical pellet mill application, air-classified light fraction (or screened
air-classified light fraction) is forced against the inner face of a
cylindrical die whereby the material is extruded through radially oriented
holes in the die. The feedstock is compressed as a result of friction between
the material and the walls of the cylindrical die openings. Densified
refuse-derived-fuel (termed "d-RDF") has a bulk density that is about 5 to 10
times that of the RDF feedstock, and is thus more easily transported and
stored than fluff (i.e., loose) RDF. Also, combustion of d-RDF is the
preferable form of RDF for some types of boilers.
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6.1.7  Baling.  A baler consists of a hydraulic ram that compresses solid
waste into a confined space.  The resulting bales can be tied either
manually or automatically.  Balers may be either batch fed or continuousl
fed, the later being more suitable for high production rates.  Baling
facilitates the handling, transport, and storage of refuse or of
individually separated components of refuse.  In some areas of the countr
solid waste is baled and landfilled.  Paper is typically compressed to a
bulk density of 500 to 800 pounds per cubic yard (300 to 500 kilograms pe
cubic meter) as a consequence of baling.  Baled tin can stock reaches
densities exceeding 2500 pounds per cubic yard (1500 kilograms per cubic
meter).

6.2  Solid Waste Conversion Technologies.

6.2.1.  Incineration/Energy Recovery.  Solid waste may be burned in an
incinerator to reduce the volume of waste requiring landfill disposal.
Incineration of waste may be accompanied by energy recovery typically in 
form of hot water, steam, electric power, or a combination thereof.
Waterwall incinerators and two-chambered modular incinerators are the
prevalent technologies used for recovering heat energy from combustion of
solid waste.  For cases where the quantity of solid waste is less than 20
tons (180 metric tons) per day, factory-built, modular incineration syste
appear to be the preferred choice of technology at the present time.  In 
case of water-wall incinerators, water is circulated through pipes in the
wall of the combustion chamber to produce saturated (or superheated) stea
or hot water.  Superheated steam may be used for the production of
electrical energy, industrial process heat, space heating, air conditioni
and hotel service dockside.  Generally, in the case of modular incinerato
only saturated steam or hot water is produced.  The thermal efficiency of
heat recovery incinerators (HRI) with capacities less than 200 tons (180
metric tons) per day typically is in the range of 50 to 70 percent.

    The feedstock for a solid waste incineration system may be unprocesse
or processed solid waste.  The choice is primarily a matter of solid wast
management objectives, degree of desired secondary material recovery,
environmental considerations (e.g., ash disposal), and overall project
economics.

    In terms of land requirements, a 100 ton (90 metric ton) per day
incineration plant operating 24 hours per day (with no preprocessing of t
waste) Would occupy about 1/2 acre (2000 square meters), about half of wh
would be used for tipping and storage of refuse.  An illustration of a
modular beat recovery incineration system is shown in Figure 11.

    The Naval Civil Engineering Laboratory (NCEL), Port Hueneme, Californ
has reviewed existing heat recovery incinerators (HRIS).  In the matter o
selecting and designing HRIS, reference is made to a NCEL publication on
HRIS: CR84.014, Recommended Design of 50 TPD Facility.  Also see heat
recovery application guidance in MIL-HDBK-1003/2, Incinerators.
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6.2.2  Gasification.  This technology is not practical for usage at this
time.  Do not use.

6.2.3  Composting.  In the engineering sense, composting is the
biostabilization of organic matter under controlled conditions.  The orga
matter in solid waste may be converted to a soil-like product through the
composting process.  The purpose of composting solid waste, or fractions
derived therefrom, is to produce a usable product and to thereby reduce t
mass of material requiring landfill disposal.

    There are two basic types of composting processes.  In anaerobic
composting, decomposition and biostabilization of the organic material oc
in the absence of molecular oxygen.  On the other hand, in aerobic
composting, decomposition and biostabilization of the material occur in a
oxygen-rich environment.  Aerobic composting has the disadvantage of
requiring regular aeration of all parts of the composting mass.  However,
aerobic composting is generally considered preferable to anaerobic
composting because biostabilization is achieved at a faster rate, less
objectionable odors are produced, and the associated heat generation
produces temperatures above the thermal depth point of pathogens generall
associated with solid waste (and sewage sludge, which is often added).

    Generally, solid waste is processed before composting in order to rem
most of the inorganic components.  Drying, screening, and size reduction 
the composted material may be required after completion of the composting
phase in order to meet user requirements.  The extent of preprocessing an
postprocessing depends on the composition of the solid waste feedstock, o
the intended use of the produce, and on the economics of the project.

    Three factors that generally affect the rate of aerobic composting, a
the rate of aeration, the moisture content of the feedstock, and the rati
of available carbon to nitrogen in the feedstock.  The second and third
factors can be beneficially influenced by the addition of sewage sludge t
the solid waste fraction.  At the same time, the utilization of solid was
in the composting of sludge is beneficial in terms of providing bulk and
porosity to the mixture, of lowering the moisture content, and of increas
the carbon/nitrogen ratio.

    Aeration of the composting mass is affected by regular turning, mixin
and agitation of the mass or by forced aeration of the mass using an arra
of perforated ducts embedded in the compost piles and blowers to supply t
air.  Mechanical mixing or forced aeration may be used as the aeration
technique in open systems in which windrows (i.e., elongated piles of
compost) are placed on the ground; or these processes may also be used in
closed or semi-closed systems in which bins, silos, or other enclosures
contain the composting mass.

    For the case of composting 40 tons (35 metric tons) per day of organi
materials derived from solid waste, an open windrow composting system wou
require about 4.5 acres (20,000 square meters), exclusive of land
requirements for preprocessing and postprocessing operations and storage 
finished compost.  An enclosed composting system would require less land
than an open windrow system, but would require a greater expenditure for
equipment.  An illustration of a turned windrow composting operation
(utilizing a mechanical turning vehicle) is shown in Figure 12.
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6.3  Costs.  The unit costs of refuse processing operations and conversio
systems vary considerably depending on the mass throughput and the design
the system.  Table 11 presents estimated order-of-magnitude costs for ref
processing operations and conversion systems capable of handling 20 tons 
metric tons) per hour.  The costs presented in Table 11 include amortizat
of the equipment, operating and maintenance labor, supplies, and energy.

    The cost of a source separation program may be very low (a few
dollars per ton) if the program is one in which people deposit their
recyclables in bins at a centralized location and the materials are sold
with a minimum of processing.  On the other hand, a curbside collection
program with a moderate amount of material processing may cost on the
order of $20 to $150 per ton ($18 to $135 per metric ton).  Administrativ
organizational, and publicity efforts may contribute heavily to the cost 
a source separation program, particularly in the early stages of the
program.
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                                  Table 11
     Estimated Costs of Refuse Processing and Conversion Operations[*]

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³                                                       Unit cost        
³                  Operation                             ($/ton)[+]      
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³               Size Reduction                               5           
³                                                                        
³               Air Classification                           3           
³                                                                        
³               Screening                                    1           
³                                                                        
³               Magnetic Separation                          1           
³                                                                        
³               Densification                                9           
³                                                                        
³               Baling                                       2           
³                                                                        
³               Incineration                                             
³               (with steam generation)                     44[#][**]    
³                                                                        
³               Composting                                  40[++]       
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
[*]   Twenty tons per hour (18 metric tons per hour) throughput for each
        operation.

[+]   $1 Per ton = $1.1 per metric ton.

[#]   Does not include costs of ash disposal wastewater treatment, or
        utilizing steam or gas.

[**]  Feedstock is unprocessed municipal solid waste.

[++]  Includes residue disposal and preprocessing and postprocessing.
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                       Section 7:  SANITARY LANDFILLS

7.1  Introduction.  Sanitary landfilling is the most acceptable and flexi
method for ultimate disposal of solid waste.  Other techniques such as la
spreading and surface impoundments also provide ultimate waste disposal, 
these methods are generally more suited to liquid wastes and sludges.  Oc
disposal is not practiced primarily because of the high transport costs a
the concomitant environmental problems.  Incineration, composting, and ot
processes are often called disposal methods, but cannot be considered as 
means for ultimate disposal of wastes, since residue from these processes
require disposal on land.

    This section presents current technology for the design of sanitary
landfills and related engineering considerations.

7.2  Site Selection.  When evaluating alternative sites for a sanitary
landfill, major technical and economic factors must be considered:

7.2.1  Site Life and Size.  The site life is determined by the area of th
site, cover soil availability, quantity and characteristics of the solid
waste to be delivered, the landfilling method, and the projected in-place
density of the compacted solid waste.  The usable area of the site is
determined by excluding from the gross area land for buffers between the
site boundary and the filling area, access roads and soil stockpiles not
located on the fill surface, and onsite structures and equipment storage
areas.  Typically, the usable fill area ranges from 50 to 80 percent of t
gross area.  Figure 13 is a formula for estimating landfill area
requirements.

7.2.2  Location in Relation to Waste Generation Centers. The landfill sit
should be located as close as possible to areas of solid waste generation
This will reduce haul costs and total exhaust emissions from haul vehicle

7.2.3  Topography.  Landfills can be located in a wide range of terrain,
including depressions, areas with relatively flat terrain, and canyons.
sites located in depressions (e.g., abandoned coal strip mines, clay or
gravel pits, and natural depressions) generally have little or no cover s
available onsite.  Therefore, site capacity for solid waste is reduced by
the area of land needed for cover soil.  Also, runoff management at
depression areas is more critical.  Offsite runoff must be diverted aroun
the proposed landfill area.  Runoff from incident precipitation in the
filling area must be controlled to prevent contact with deposited wastes.
If the runoff cannot be evaporated or percolated into site soils, it must
pumped to an offsite drainage channel.
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    When a flat site is used for landfilling, the final site surface
generally forms a mound above the surrounding grade.  This is done to
optimate filling capacity of the site.  The final height of the mound is
generally a function of aesthetics and availability of cover soil. Cover
soil is generally obtained from excavation of onsite soils.  The depth an
areal extent of excavation is dependent on several factors including the
ease of soil excavation, the depth to groundwater, and the ultimate heigh
of the fill surface.  Unless there is a ready demand for soil at another
location, a balance is made between the volume of cover soil excavated an
the soil required for landfill cover or other onsite uses (e.g.,
construction of a noise control berm).  Offsite drainage must also be
diverted around this type of site, especially when filling operations
are being carried out in the excavated area.  Figure 14 illustrates a
disposal site constructed in this manner.

    Canyon areas offer an ideal location for solid waste disposal provide
that runoff from surrounding slopes is diverted around the disposal area,
thereby preventing washouts, and sufficient soil is available on the cany
bottom and side slopes for use as waste cover, thereby allowing full cany
capacity for solid waste disposal.

7.2.4  Surface Water and Susceptibility to Flooding.  Existing bodies of
surface water and water courses on or near proposed sites should be mappe
Current and planned future use of this water should be determined.
Certain areas such as wetlands and floodplains should be avoided whenever
possible.  Where it is necessary to construct a sanitary landfill in
either wetlands or floodplains, the proponent should be prepared to
provide for extensive water pollution controls, provide operational contr
of runoff and infiltration, investigate and project environmental
conditions, and allow sufficient time to obtain approvals from regulatory
agencies.

7.2.5  Soil.  Soils to be used at a sanitary landfill and the site geolog
should be thoroughly characterized.  Ideally, the site should have a
sufficient volume of soil of suitable properties that can be used for all
waste covering (daily, intermediate, and final) throughout the life of th
landfill.  Alternatively, soil can be imported from offsite locations, bu
importation can be expensive and off-site soils may not be readily
available.

    The ease by which the onsite soil can be excavated is a major
consideration.  For example, excavation of bedrock or hardpan is costly, 
the material is not well suited for cover.  Seasonal variations in
workability should be considered; soils with fines may be easy to excavat
when moist, but may be like hardpan when dry or frozen.  Important soil
characteristics such as compaction, drainage, and slope stability are
summarized in Table 12.  Soil types will also influence vertical and late
landfill gas migration from the site.

    The design engineer must evaluate these design criteria when determin
which soil type or types are best suited for the site's operating and
environmental conditions.  For example, in a dry, arid climate where
leachate generation is not a problem, high-permeability soils may be used
for cover.  In addition, if there is development around the landfill that
would be adversely impacted by lateral migration of landfill gas,
high-permeability cover soil may be desirable to promote upwards migratio
of gas from the site.
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The role of soil in landfills is to:

    a)  Provide Cover.  Table 13 presents a system for ranking soil types
according to the United Soil Classification System (USCS) in relation to
landfill cover factor.  Cover soil serves several functions including:

         1)  Control of water infiltration which in turn effects leachate
production.
         2)  Support of vegetative growth.
         3)  Encapsulation of the deposited waste to isolate it from the
local environment, and to reduce odor emissions and aesthetic impacts.
         4)  Impedance of fire propagation from cell to cell.

    b)  Attenuate Potential contaminants. Soil pH and cation exchange
capacity (CEC) influence the ability of a soil to attenuate cations in
leachate that may form.  CEC and pH are influenced by clay content, free
iron oxide content, organic matter, the lime concentration of a soil, and
soil permeability.  In general, as CEC and pH increase, heavy metals are
more readily retained.  Similarly, as the clay content, free iron oxide
content, and lime concentration of a soil increase, its pH and CEC (i.e.,
attenuation capacity) generally increase.  Table 14 shows typical ranges 
CEC values in various soils.

    Soils can be modified to enhance their attenuation capacity.  The
easiest approach is to apply lime to the soil surface, which increases pH
The clay and free iron oxide content can also be modified, but with great
difficulty and questionable success.  Recent studies show that metal
concentrations in leachate decrease when flow rates (or flux rates)
decrease; however, further research is needed to determine the mechanisms
associated with this phenomena and the others discussed above.

7.2.6  Geology.  The geology of a site is an important consideration.
Formations that have faults, major fractures, joint systems, and other
discontinuities or are soluble should be avoided or provisions made in th
landfill design to protect against groundwater contamination, if required
In general, limestone, dolomite, and heavily fractured crystalline rock a
less desirable than siliceous sandstone, siltstone, and other consolidate
alluvial bedrock.

7.2.7  Groundwater.  Information required in assessing the groundwater
conditions of a site should include:

    a)  Depth to groundwater from the bottom of the fill (including
historical highs and lows), and knowledge of the properties of subgrade
soils.
    b)  Direction of groundwater movement. By knowing the direction of
groundwater movement under the site, potential impacted areas can be
identified, and locations for onsite groundwater monitoring wells can be
determined. subsequently, when more specific site studies are conducted,
hydraulic gradients can be computed.
    c)  Quality and availability of groundwater, its current and
projected use, and the location of primary recharge and discharge zones. 
example, a good landfill location may be a site overlying poor-quality
low-yielding groundwater where the groundwater basin does not discharge t
nearby water course.
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    Solid waste should not be placed where there is a potential for direc
contact with the groundwater table.  Also, major recharge zones should be
eliminated from consideration, particularly in areas overlying
Environmental Protection Agency (EPA)-designated sole source aquifers whi
do or would provide significant quantities of drinking water.  The
separation between the bottom of the fill and the highest known level of
groundwater should be maximized.  State and local regulation may stipulat
minimum acceptable separation.  A 5-foot (1.5-meter) separation is a comm
regulatory stipulation, but may vary from state to state.

    Sources of data on groundwater quality and movement include the U.S.
Geological Survey (USGS), local well drillers, USDA soil surveys, state
geological surveys, state health departments, other state environmental a
regulatory agencies, and samplings from nearby wells.  USGS maintains a
National Water Data Exchange (NAWDEX) which is developed from the Nationa
Water Data Storage and Retrival System (WATSTORE) and contains EPA as wel
as USGS well and groundwater data.  NAWDEX reports can be obtained from U
headquarters on magnetic tape or computer printout or from any of the 79
regional USGS, NAWDEX, offices located in most states.  Contact USGS
headquarters for regional office locations or NAWDEX reports.

    Determining the hydraulic gradient at a site is important in
ascertaining the rate and direction of groundwater movement and whether o
not hydraulic connections to surrounding aquifers exist.  The hydraulic
gradient can be determined by noting the depth to groundwater in nearby
wells or borings, calculating the elevation of the groundwater, and
drawing contour lines that connect wells of equal groundwater elevations.

    Further background information on groundwater can be obtained through
onsite drilling.  At least three wells (and normally more) are needed to
determine the direction of groundwater movement.  Large sites, sites with
complex hydrogeology, and relatively flat sites require more borings than
small and steep sites.  An experienced hydrogeologist should participate 
can planning the drilling program and in interpretation of background
research and exploratory drilling.

7.2.8  Vegetation.  The amount and type of existing vegetation on a
prospective site should be considered in the selection process.  Natural
vegetation left at the site can serve to reduce dust, noise, odor, and
visibility problems.  Where extensive clearing and grubbing of vegetation
necessary, costs may increase significantly.  Also, some areas may be
habitats for endangered plant (and animal) species.

    Vegetation can be planted during site operations to screen the site.
Upon site closure, the filled areas can be replanted with either native o
introduced species.  The ability of soil, used as the final cover, to
support planned revegetation should therefore be considered.

7.2.9  Site Proximity and Accessibility.  A landfill site should be locat
as close as practical to the waste generation centroid since hauling cost
are a significant part of total solid waste management costs.

   The haul routes to the prospective sites should be over major roads to
the installation to the maximum extent possible.  The proximity of the si
to these major roads is also a consideration since a well-graded onsite
access road must be constructed from the haul route to the disposal area.
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7.3  Land Use in the Area, Including Future Land Use Classification by
the Respective Planning Jurisdiction(s).  Compatibility of a sanitary
landfill with existing and proposed surrounding site use should be
considered.  This is true both when the site is being operated as a landf
and after the site is closed.  Completed landfills are generally converte
to recreational end uses, though other uses (such as light industry) are
also common.

    Regional development in the larger community should also be considere
in site selection, and existing master plans for the area should be
consulted.  For example, the evaluation of current and future development
may present the opportunity for a more strategically centralized location
offsite wastes will be deposited in the landfill.  Moreover, the projecte
rate of industrial and municipal development and its location affect the
size of the site needed to meet projected waste disposal demands.

7.3.1  Archaeological or Historic Significance.  The archaeological or
historical significance of the land involved in a potential site should b
ascertained.  The historical status of a potential site is usually addres
in an environmental impact report and should be performed by a qualified
archaeologist or anthropologist.  Due to the expense involved in such
studies, archaeological and historical investigations are usually limited
the top ranking candidate sites.  Excavation and preservation of signific
archaeological finds must be arranged before the site can be approved and
construction can begin.

7.3.2  Susceptibility to Flooding.  Locating a landfill in a floodplain
should be avoided, if possible.  EPA, criteria for Classification of Soli
Waste Disposal Facilities and Practices, 40 CFR 257, requires that waste
disposal activities in floodplains shall not restrict the 100-year flood
flow, reduce the floodplains temporary storage capacity, or result in a
washout of solid waste so as to pose a hazard to human life, wildlife, la
or water.

    To determine the upstream and downstream impact of landfilling within
floodplain, a hydrological investigation should be conducted.  The study
should identify the prospective solid waste and existing floodplain
boundaries, present hydrologic and hydraulic calculations, and locate the
properties and activities that could be adversely affected by floodplain
modifications.  The study should also identify methodologies (e.g., dikin
for protecting the disposal site against flooding.  A thorough study will
also assess the potential hazards to human life, wildlife, land, and wate

7.3.3  Public Health and Safety.  Sanitary landfills can affect public
health and safety in several ways presented below.

7.3.3.1  Attractive Nuisance.  Sites should be situated and designed to
restrict access by unauthorized persons.  Scavenging through deposited so
waste should be prohibited to prevent injury or death to scavengers.
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7.3.3.2  Bird Hazards.  Land disposal of putrescible wastes may attract
birds.  A solid waste disposal facility should be located no closer than
10,000 feet (3050 meters) from airports serving jet aircraft, and 5,000 f
(1,525 meters) from airports serving only propeller aircraft.  These
distances are stipulated by EPA to minimize the opportunity for birds fly
from and to landfills to intercept a landing or departing airplane.  Soli
waste disposal sites within this "danger zone," as detailed by the Federa
Register, are not prohibited, but special precautions must be taken to
assure that bird hazards resulting from solid waste disposal do not occur

7.3.4  Costs.  Early in the selection process, the relative costs of
alternative sites should be estimated for comparison.  For valid cost
comparisons, three cost elements should be estimated:  capital costs over
the life of the site, annual operating costs, and waste haul costs.

    Capital costs should include primarily:

    a)   Survey and geology work.
    b)   Design engineering and Environmental Impact Statement (EIS)
preparation.
    c)   Legal costs (permitting, etc.).
    d)   Land aquisition.
    e)   Site improvement overhead (SIOH).
    f)   Site preparation.
    g)   Monitoring well installation.
    h)   Equipment purchases (initial and recurring replacements).

    Annual operating costs should be estimated for:

    a)   Labor and benefits.
    b)   Equipment, fuel. maintenance, and parts.
    c)   Utilities.
    d)   Laboratory analysis of water samples.
    e)   Closure and postclosure operations.

    Haul costs include estimates of the cost to transport wastes from poi
of generation to the disposal site.  This cost would be higher as the
distance increases.  If a transfer station is used, the haul cost would
include both the costs for station ownership/operation and the transport 
the landfill by transfer rigs.

    Once all of these costs are determined, the capital costs should be
annualized and a life cycle cost estimate developed to allow direct
comparison between sites with different site lives.

7.3.5  Site Selection Methodology.  Candidate sites for a new sanitary
landfill can be selected in the study area by first eliminating all
unsuitable areas.  Unsuitable areas include those that are already develo
or set aside for other uses, areas with undesirable geology, soils, or
surface or groundwater conditions (e.g., floodplains), areas with limited
site capacity, and critical flora or fauna habitat, or archaeologically
known areas.
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    Once several candidate sites have been selected for further
consideration as sanitary landfills, they are assessed in relation to the
criteria discussed above.  A rating system similar to that outlined for
transfer station site selection (see Section 5) can also be used for
screening alternative sanitary landfills sites.

7.4  Sanitary Landfill Design.

7.4.1  Introduction.  This section provides guidance on design
considerations for a sanitary landfill.  The objectives of a landfill des
are to:

    a)  Ensure compliance with pertinent regulatory guidelines and
requirements.
    b)  Provide adequate present and long-term protection of the
environment.
    c)  Achieve cost-efficient utilization of site manpower, equipment,
volume, and soil.
    d)  Direct and guide operators toward proper construction and
operation of the landfill.

7.4.2  Regulations and Permits.  Many regulatory and approving agencies
require permits before a landfill can be constructed or operated.

    Permit requirements of state and local agencies vary depending on
jurisdiction.  In some areas, only one permit is needed.  Other states ma
require several separate permits or stipulate that a new sanitary landfil
proponent coordinate with several agencies.

    Sanitary landfill regulations can be the responsibility of one or mor
state agencies.  Table 1 (see Section 1) lists the various state agencies
(including addresses and telephone numbers) responsible for solid waste
disposal activities in those states.

    Local regulatory agencies having regulatory authorization are given i
Table 15.

    The reviewing agency may require the submittal of information on
standard forms or in a prescribed format in order to facilitate the revie
process.  This process can take at least 1 month and usually 6 to 12 mont
or longer, depending on the degree of controversy and opposition.  A
conceptual landfill design is generally an integral part of the applicati
for such permits.  Accordingly, all pertinent agencies should be contacte
early in the design phase to:

    a)  Identify regulations impacting on the prospective landfill.
    b)  Determine the extent, detail, and format of the application.
    c)  Obtain permit application forms and other background
information.
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                                    Table 15
             Typical Local Regulatory Agencies Having Responsibility
                         for Sanitary Landfill Practices

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³      Agency                                  Responsibility            
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ Health Departments            Assure that landfill operations do not be
³                               a hazard to public health.  Issue operati
³                               permits.  Permits periodically reviewed a
³                               renewed.                                 
³                                                                        
³ Planning and/or Zoning        Assure that potential landfills are compa
³ Commissions                   with existing and proposed land uses.    
³                                                                        
³ Building Departments          Regulate building construction on or near
³                               landfill sites.                          
³                                                                        
³ Highway Departments           Assure that access highways to landfill s
³                               can accommodate landfill truck traffic.  
³                                                                        
³ Fire Department               Assure that fire breaks are provided arou
³                               landfilling operations and that a fire sa
³                               plan is filed.                           
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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    Two permits relevant to landfills are identified and mandated by thes
criteria:  the National Pollutant Discharge Elimination System (NPDES)
permit (402 and 404), and the Amy Corps of Engineers Permit.  The NPDES
permit is required for location of a landfill in waters of the United
States.  It is also required for any point source discharges from sanitar
landfills, such as from leachate collection systems.  Army Corps of
Engineers permit is required for the construction of any levee, dike, or
other type of containment structure to be placed at a sanitary landfill
located in waters of the United States.

7.4.3  Design Methodology and Data Compilation.  Adherence to a carefully
planned sequence of activities to develop a landfill design minimizes
project delays and expenditures.  A checklist of design activities is
presented in Table 16, to aid in planning the design effort.  These
activities are listed in their general order of performance, but the orde
can vary considerably from site to site and from jurisdiction to
jurisdiction, depending on specific conditions.

    As shown in Table 16, initial tasks consist of compiling existing
information and generating new information on solid waste characteristics
and site conditions.  Obviously, some of this information would have alre
been collected in the site selection phase.  Generally, additional and mo
detailed information will have to be collected in the design phase.  A
listing of possible sources for existing information is shown on Table 17
A summary of methods to obtain new information is shown on Table 18.

    Throughout the design phase, it is advisable to periodically contact
regulatory agency representatives who participated in the site selection
process to ensure that the design will meet any new requirements and
procedures for permit application submittals.  Maintenance of close liais
with state and local regulatory officials throughout the design effort is
helpful in securing a permit without excessive redesigns, especially at a
time when environmental protection legislation and regulations are rapidl
changing.

    Two general types of design packages are prepared for a sanitary
landfill: conceptual or preliminary design plans, and construction
documents.  Conceptual design plans normally consist of the following
elements provided in sufficient detail to describe proposed filling plans
to regulatory agencies and the public.  The conceptual design can also se
as a guide for landfilling operations in the event that design constructi
drawings are not required.  Conceptual design plans include:

    a)  An installation map showing existing site conditions.  The map
should be of sufficient detail, with contour intervals of 1 foot (0.3
meter) to 5 feet (1.5 meters) and a scale of 1 inch = 50 feet (10
millimeter = 6 meters) to 1 inch = 200 feet (10 millimeter = 24 meters),
depending on the steepness of the terrain and size of the landfill,
respectively.

    b)  A site preparation plan locating the areas and depths designated
for cover soil excavation and soil stockpile deposits.  Also shown are si
facilities locations such as structures, access roads, and utilities.

    c)  Development plans showing final filling and excavation contours.
Development plans should show interim (4- to 6-year) filling and excavati
contours if a long-lived site is planned.



Table 16
Solid Waste Landfill Design Checklist

Step Task

1 Determine solid waste quantities and characteristics

a. Existing

b. Projected

2 Compile existing and generate new site information

a. Perform boundary and topographic survey

b. Prepare base map of existing conditions onsite and near the site

(1) Property boundaries
(2) Topography and slopes
(3) Surface water
(4) Utilities
(5) Roads
(6) Structures
(7) Land use

c. Compile hydrogeologic information and prepare location map

(1) Soil (depth, texture, structure, bulk density, porosity,
permeability, moisture content, ease of excavation,
stability, pH, and cation exchange capacity)

(2) Bedrock (depth, classification, presence of fractures,
location of surface outcrops)

(3) Groundwater (average depth, seasonal fluctuations,
hydraulic gradient and direction of flow, rate of flow,
quality, uses)

II d. Compile climatological data

(1) Precipitation
(2) Evaporation
(3) Temperature
(4)  Number of freezing days
(5)  Wind direction

e. Identify regulations (federal, state, and local) and design
standards

(1) Loading rates
(2) Frequency of cover
(3) Distances to residences, roads, and surface water
(4) Monitoring
(5) Roads
(6) Building codes
(7) Contents of application for permit
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                               Table 16 (Continued)
                      Solid Waste Landfill Design Checklist

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ Step                          Task                                     
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³   3  Design filling area                                               
³                                                                        
³      a.  Select landfilling method based on:                           
³                                                                        
³          (1)  Site topography and slopes                               
³          (2)  Site soils                                               
³          (3)  Site bedrock                                             
³          (4)  Site groundwater                                         
³                                                                        
³      b.  Specify design dimensions                                     
³                                                                        
³          (1)  Trench width, depth, length                              
³          (2)  Cell size                                                
³          (3)  Cell configuration                                       
³          (4)  Trench spacing                                           
³          (5)  Fill depth                                               
³          (6)  Interim cover soil thickness                             
³          (7)  Final cover soil thickness                               
³                                                                        
³      c.  Specify operational features                                  
³                                                                        
³          (1)  Use of cover soil                                        
³          (2)  Method of cover application                              
³          (3)  Need for imported soil                                   
³          (4)  Equipment requirements                                   
³          (5)  Personnel requirements                                   
³                                                                        
³   4  Design facilities                                                 
³                                                                        
³      a.   Leachate controls                                            
³      b.   Gas controls                                                 
³      c.   Surface water controls                                       
³      d.   Access roads                                                 
³      e.   Special working areas                                        
³      f.   Structures                                                   
³      g.   Utilities                                                    
³      h.   Fencing                                                      
³      i.   Lighting                                                     
³      j.   Washracks                                                    
³      k.   Monitoring wells                                             
³      l.   Landscaping                                                  
³                                                                        
³   5  Prepare design package                                            
³                                                                        
³      a.   Develop preliminary site plan of fill areas                  
³                                                                        
³      b.   Develop landfill contour plans                               
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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                               Table 16 (Continued)
                      Solid Waste Landfill Design Checklist

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ Step                          Task                                     
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³          (1)  Excavation plans (including benches)                     
³          (2)  Sequential fill plans                                    
³          (3)  Completed fill plans                                     
³          (4)  Fire, litter, vector, odor, and noise controls           
³                                                                        
³      c.  Compute solid waste storage volume, soil requirement volumes, 
³          and site life                                                 
³                                                                        
³      d.  Develop final site plan showing:                              
³                                                                        
³          (1)  Normal fill areas                                        
³          (2)  Special working areas                                    
³          (3)  Leachate controls                                        
³          (4)  Gas controls                                             
³          (5)  Surface water controls                                   
³          (6)  Access roads                                             
³          (7)  Structures                                               
³          (8)  Utilities                                                
³          (9)  Fencing                                                  
³          (10) Lighting                                                 
³          (11) Washracks                                                
³          (12) Monitoring wells                                         
³          (13) Landscaping                                              
³                                                                        
³      e.  Prepare elevation plans with cross sections of:               
³                                                                        
³          (1)  Excavated fill                                           
³          (2)  Completed fill                                           
³          (3)  Phased development of fill at interim points             
³                                                                        
³      f.  Prepare construction details                                  
³                                                                        
³          (1)  Leachate controls                                        
³          (2)  Gas controls                                             
³          (3)  Surface Water controls                                   
³          (4)  Access roads                                             
³          (5)  Structures                                               
³          (6)  Monitoring wells                                         
³                                                                        
³      g.  Prepare ultimate land use plan                                
³                                                                        
³      h.  Prepare cost estimate                                         
³                                                                        
³      i.  Prepare design report                                         
³                                                                        
³      j.  Submit application and obtain required permits                
³                                                                        
³      k.  Prepare operator's manual                                     
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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Table 17
Sources of Existing Information

General Information Specific Information Source

Base Map General County road department

City, county, or regional
planning department

U.S. Geological Survey (USGS)
office or outlets for USGC
map sales (such as engineering
supply stores and sporting goods
stores)

U.S. Department of Agriculture
(USDA), Agricultural Stabilization
and Conservation Service (ASCS)

Local office of USGS

County Department of Agriculture,
Soil Conservation Service (SCS
Surveyors and aerial photographers
in the area

Soils

Topography and Sloper USGS topographic maps

USDA, ARS, SCS aerial photos

Land Us. City, county, or regional planning
agency

Vegetation County agricultural department

Agricultural department at local
university

General USDA, Soil Conservation Service
(SCS), District Managers, Local
Extension Service

Bedrock General

USGS reports

Geology or Agriculture Department
of local University

USGS reports

State Geological Survey reports

Professional geologists in the
area

Geology Department of local
university
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                                   Table 17 (continued)
                             Sources of Existing Information

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ General           Specific                 Source                      
  Information       Information                                          
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ Groundwater       General                   Water Supply Department    
³                                                                        
³                                             USGS water supply papers   
³                                                                        
³                                             State or regional water qua
³                                             agencies                   
³                                                                        
³                                             USDA, SCS                  
³                                                                        
³                                             State or Federal water reso
³                                             agencies                   
³                                                                        
³                                             Local health department    
³                                                                        
³ Climatology       General                   National Oceanic and Atmosp
³                                             Administration (NOAA)      
³                                                                        
³                                             Nearby airports            
³                                                                        
³ Refuse Composition and                      State and local governments
³ Quantity                                    planning agencies, census d
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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Table 18
Field Investigation for blew Information

General
Information

Base Flap

Soils

Specific Information Method and Equipment

Property Boundaries Field survey via transit

Topography Field survey via alidade

Surface Water Field survey via alidade

Utilities Field survey via alidade

Roads Field survey via alidade

Structures Field survey via alidade

Land Use Field survey via alidade

Vegetation Field survey via alidade

Depth Soil boring and compilation
of boring log

Classification Soil sampling and testing
via sedimentation methods
(e.g., sieves)

Structure Soil sampling and inspection

Bulk Density Soil sampling and testing
via gravimetric gamma ray
detection

Porosity Calculation using volume of
voids and total volume

Permeability Soil sampling and testing
via piezometers and
lysimeters

Moisture Soil sampling and testing
via oven drying

Ease of Excavation Test excavation with heavy
equipment

Stability Test excavation of trench
and loading of sidewall or
Hveem stabilometer

pH Soil sampling and testing
via pH meter

Cation Exchange Capacity Soil sampling and testing
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                              Table 18 (continued)
                    Field Investigation for New Information

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³  General                                                               
³Information       Specific Information            Method and Equipment  
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³Bedrock           Depth                        Boring and compilation of
³                                               boring log               
³                                                                        
³                  Type                         Sampling and inspection  
³                                                                        
³                  Fractures                    Field survey via alidade 
³                                               Brunton                  
³                                                                        
³                  Surface Outcrops             Field survey via alidade 
³                                               Brunton                  
³                                                                        
³Groundwater       Depth                        Well installation and    
³                                               initial readings         
³                                                                        
³                  Seasonal Fluctuations        Well installation and    
³                                               year-round readings      
³                                                                        
³                  Hydraulic gradient           Multiple well installatio
³                                               and comparison of reading
³                                                                        
³                  Rate of Flow                 Calculation based on     
³                                               permeability and hydrauli
³                                               gradient                 
³                                                                        
³                  Quality                      Groundwater sampling and 
³                                               testing                  
³                                                                        
³                  Uses                         Field survey via inspecti
³                                                                        
³Climatology       Precipitation                Rain gauge               
³                                                                        
³                  Evaporation                  Class A Evaporation Pan  
³                                                                        
³                  Temperature                  Standard thermometer     
³                                                                        
³                  Number of Freezing Days      Minimum-maximum temperatu
³                                               thermometer              
³                                                                        
³                  Wind Direction               Wind arrow               
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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    d)  Elevations showing cross sections to illustrate excavation and
landfill surface development at several locations across the fill.  Cross
sections should be prepared for each phase of the development plan (i.e.,
interim and final).
    e)  Groundwater monitoring well locations, depths, and configurations
    f)  Details illustrating the types and locations for site facilities 
undimensioned configurations to be used, including drainage structures,
liners, gas control vents, and onsite roads.
    g)  Conceptual site closure plan indicating the types of vegetation t
be used for final site landscaping, onsite appurtenances, and other
improvements.
    h)  A conceptual design report.  Topics typically described in a
conceptual design report are given in Table 19.  Construction designs
contain sufficient detail to enable a bid package to be advertised for a
contractor to fully construct all plan elements at the appropriate time.
For example, drainage structures are completely sized, precise locations
noted by coordinates, bearing, and distance or other means; and
environmental control systems, including those for leachate and landfill 
management, are fully designed.  A landfill is an ongoing construction
project in that its configuration is continually changing until completio
Thus, it is prudent to prepare construction documents for future phase
development elements (e.g., a drainage channel) that are dependent on
previous landfilling activities only when assured that the configuration 
location of the element shall not be impacted by landfilling activities
prior to their construction.

7.4.4  Design Features. The designer of a solid waste sanitary landfill
should prescribe the method of construction and the procedures to be
followed in disposing of the solid waste.  There is no one "best method" 
all sites, nor is one single method always best for any given site.  The
method(s) selected depends on the site's physical conditions and the amou
and types of solid waste to be handled.

    Virtually all sanitary landfill designs incorporate the solid waste c
as a basic element.  All solid waste received is spread in 2- to 3-foot
(0.6- to 0.9-meter) layers, and then compacted within a confined area.  A
the end of each working day, or more frequently, the solid waste cell is
covered completely with a continuous compacted layer of soil at least 6
inches (150 millimeters) thick.  The compacted waste and soil cover
constitute a cell.  A series of adjoining cells at the same height make u
lift (see Figure 15).  The completed fill consists of one or more lifts.

    Cell heights generally range from 8 to 15 feet (2.4 to 4.5 meters),
although this range can be exceeded on either end, depending on the daily
waste input.  When deciding on the optimal lift height the designer shoul
attempt to conserve available cover soil while adequately accommodating a
much waste as possible.

    Cover soil volume requirements are dependent on the surface area of
waste to be covered and the thickness of soil needed to perform particula
functions.  Cell configuration can greatly affect the volume of cover
material needed.  The surface area of exposed solid waste to be covered
should therefore be kept to a minimum.  The width of the working face sho
be no wider than necessary to allow the delivery vehicles to safely unloa
without long delays.  Typically, this distance is about four to five doze
widths wide.



                                    Table 19
            Topics Typically Described in a Conceptual Design Report

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³o Site Conditions                                                       
³                                                                        
³     - Existing site                                                    
³     - Topography and slopes                                            
³     - Surface water                                                    
³     - Utilities                                                        
³     - Roads                                                            
³     - Structures                                                       
³     - Land use                                                         
³     - Soil and groundwater                                             
³     - Subsurface exploration date                                      
³     - Bedrock                                                          
³     - Climatology conditions                                           
³                                                                        
³o Design Criteria                                                       
³                                                                        
³     - Solid waste types and volumes expected                           
³     - Fill area dimensions                                             
³     - Site life                                                        
³                                                                        
³o Operational Procedures to Be Used to Implement Design                 
³                                                                        
³     - Site preparation                                                 
³     - Solid waste unloading                                            
³     - Handling                                                         
³     - Covering procedures                                              
³     - Equipment and personnel requirements                             
³                                                                        
³o Environmental Safeguards                                              
³                                                                        
³     - Control of leachate                                              
³     - Surface water                                                    
³     - Gas                                                              
³     - Blowing paper                                                    
³     - Odor                                                             
³     - Vectors                                                          
³                                                                        
³o  Initial Site Preparation and Development Steps                       
³                                                                        
³o  Site Closure and Postclosure Monitoring and Maintenance Plan         
³                                                                        
³o  Project Cost Estimates (Generally Prepared for In-House Use Only)    
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

                                  5.10-75



                                 



    A working face slope of 3 horizontal to 1 vertical will both minimize
the surface area (and hence minimize the cover material volume) and aid i
compacting the solid waste, particularly if the waste is deposited, then
spread in layers not greater than about 3 feet (0.9 meters) thick and wor
from the bottom of the slope towards the top.

7.4.4.1  Area Method.  In this method, the waste is spread and compacted 
the surface of the ground, and cover soil is spread and compacted over it
(Figure 16).  The area method is used on flat or gently sloping land and
also in quarries, strip mines, ravines, valleys, canyons, or other land
depressions.  Cover soil is generally excavated from onsite sources as it
is needed.  This is an advantage over the trench method which requires th
much of the cover soil be handled a minimum of two times, a more costly
operation.  Advantages and disadvantages of the area method are given in
Table 20.

7.4.4.2  Trench Method.  In this method, waste is spread and compacted in
excavated trench (Figure 17).  Cover soil, which is taken from the
excavation material, is spread and compacted over the waste to form the
basic cell structure.  Usually, cover soil is readily available as a resu
of the trench excavation.  Excavated soil not needed for daily cover may 
stockpiled and later used as a cover for a subsequent area fill operation
top of the completed trench fill.

    In trench designs, the stability of the sidewall is critical.  Sidewa
stability, in turn, is determined by the characteristics of the soil,
trench depth, distance between trenches, and slope of the sidewall.  Clay
glacial till, and other fine grained, well-compacted soils permit maximum
trench depths, and steep sidewall slopes.  With coarser soils, flatter
sidewall slopes are necessary to provide a more stable sidewall.  Such
conditions result in correspondingly lower waste volume capacities.

    The trench can be as deep as soil and groundwater conditions safely
allow.  It should be as narrow as possible to reduce the amount of cover
soil required.  Its width is normally dictated by the number and type of
vehicles using the site.  Adequate dumping width must be maintained to al
space for delivery truck dumping and maneuverability.  In any case, the
trench should be at least twice as wide as any compacting equipment that
will work in it.  The equipment at the site may excavate the trench
continuously at a rate geared to landfilling requirements.  At small site
excavation may be done periodically on a contract basis in advance of nee

    A modification of the trench method involves initial excavation of on
wide trench and subsequent operation perpendicular to the trench axis as 
area fill.  Soil for daily cover would be excavated from the trench "wall
As the filling progresses, cover soil excavations expand the area availab
for filling so that no new trenches need be excavated.

    Advantages and disadvantages of the trench method are given in Table 

7.4.5  Environmental Safeguards.  Environmental factors that must be
considered in sanitary landfill design (and operation) include those
described below.
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7.4.5.1  Leachate Generation.  Leachate is generated from moisture passin
through the solid waste.  It may be a result of moisture already present 
the refuse, or from rainfall or irrigation infiltrating into and through 
fill area.  Regulations in most states require that sanitary landfills ha
facilities both to monitor for the presence of leachate and to control
leachate that may otherwise adversely affect local water quality.  There
are presently no federal regulations concerning specific treatment or
disposal methods for leachate generated at nonhazardous waste disposal
sites.  Some state agencies have implemented regulations governing leacha
collection, treatment, and disposal methods.  In addition, landfill leach
itself could be classified as a hazardous waste under RCRA, depending on 
chemical characteristics.  Leachate that is classified as a hazardous
waste would require treatment or disposal at a licensed hazardous waste
facility.

    A basic goal of a landfill design is to provide for features that
minimize leachate production.  In general, leachate generation can be
minimized (or even eliminated in arid regions where evaporation
significantly exceeds rainfall) by avoiding contact between waste materia
and groundwaters or surface waters; diverting offsite runoff away from th
landfill; diverting onsite runoff away from active fill areas and minimiz
runoff travel distances over filled surfaces; minimizing direct infiltrat
of precipitation into the fill by properly covering the solid waste with
suitable soil or other material; and properly applying, compacting, and
grading final soil cover (minimum 2- to 3-foot [0.6- to 0.9-meter] depth)
filling is completed in portions of the site.

    Methods for mitigating adverse environmental effects of leachate incl
the use of a site that is hydrologically isolated from local aquifers or
where natural conditions promote attenuation of leachate constituents via
"filtering" through insitu soils, and the installation of a system to
collect and subsequently treat the leachate generated before it contacts
groundwaters or surface waters.

    When natural conditions and contaminant attenuation through soils are
proposed for mitigation of leachate impacts, the primary factors to be
considered are the hydrogeological characteristics of the site, especiall
the hydraulic conductivity of the underlying strata, soil characteristics
and the depth to usable groundwater.  A soil that offers low permeability
high clay content, high cation exchange capacity (CEC), and relatively hi
pH (> 7.0) is preferred over soils composed of coarse-grained particles w
high permeabilities and low CEC values.

    The long-term effectiveness of contaminant removal via soil interacti
processes is not verified, since the attenuating capacity of a soil is
finite and not necessarily permanent.  Further, if chemical loading rates
exceed the soil's attenuative capacity, the quality of regional ground wa
could be affected.

    For site-specific information, subsurface investigations and soils te
should be performed onsite by qualified hydrogeologists and soil scientis
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    Various leachate control and collection system designs are in use.
Typically, a barrier of low-permeability soil or a flexible membrane line
is placed at the bottom of the site before initial placement of wastes to
contain leachate that may percolate from above.  The landfill bottom is
prepared to accommodate the barrier, and is sloped to direct leachate to 
or more central collection sumps where it can be stored for subsequent
onsite treatment or handling or be discharged to a sewer.  Generally,
leachate from solid waste is first channeled through a granular media (an
often times perforated plastic collection pipes) placed atop the barrier 
liner layer.  Figure 18 illustrates one design for a leachate collection
system configuration.

    Soil liners are usually constructed of clayey soils.  These soils can
often be obtained onsite, but imported clay minerals such as bentonite ca
also be used singularly or mixed with onsite soils if onsite soils are no
suitable.  If such soils are not available locally, the import by truck m
be very expensive.

    Flexible membrane liners can also be used in lieu of clay barriers.
However, the long-term (>20-year) life of flexible membrane liners is not
proven in a landfill environment, so a combination of clay and membrane
liners are common.  Manufacturers of synthetic polymeric liners (e.g., PV
and chlorinated polyethylene) claim service lives from 15 to 30 years.
However, a landfill may generate leachate for a significantly longer peri
Table 21 presents a list of various materials used for landfill liners.

    Collected leachate may be treated by one or more of the methods shown
in Table 22.

    Depending on the leachate characteristics, volume, and local
regulations, it may be technically and economically practical to discharg
untreated, collected leachate to an existing sewerage system for subseque
treatment along with municipal wastewater.  The acceptability of disposin
of leachate in this manner must be confirmed with local regulatory agenci

    If direct discharge to a sewerage system is not practical, onsite
treatment or truck haul to a wastewater treatment plant or a hazardous wa
facility are options.

7.4.5.2  Landfill Gas.  Landfill gas (LFG) is produced by decomposition o
the organic matter in solid waste.  Immediately after solid waste is in
place, and for several months thereafter decomposition occurs aerobically
The principal byproducts of aerobic decomposition are carbon dioxide gas 
water.  Once the free oxygen in the solid waste is depleted the
decomposition process becomes anaerobic, and the principal byproducts are
methane and carbon dioxide gases.  Hydrogen sulfide, hydrogen, and some
volatile organic gases are also sometimes generated.  This methane-rich
mixture of gases is called landfill gas.

    The volume and composition of landfill gas produced depends on variou
factors, including the quantity and characteristics of solid waste
deposited, the age of the landfill, and the amount of moisture present.  
p gas is generated over an extended period.  Landfill gas has been detect
in landfills 75 years after site closure.
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                                  Table 21
                     Materials Used for Landfill Liners

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ¿
³o Asphalt compositions                                           ³
³                                                                 ³
³     - Asphaltic concrete                                        ³
³     - Emulsified asphalt sprayed on soil or on fabric matting   ³
³     - Soil asphalt mixtures                                     ³
³     - Asphalt seals                                             ³
³                                                                 ³
³o Portland cement compositions                                   ³
³                                                                 ³
³     - Concrete with asphalt seals                               ³
³     - Soil cement with asphalt seals                            ³
³                                                                 ³
³o Soil sealants                                                  ³
³                                                                 ³
³     - Chemical (soil amendments)                                ³
³     - Lime                                                      ³
³     - Rubber and plastic latexes                                ³
³     - Penetrating polymeric emulsions                           ³
³                                                                 ³
³o Liquid rubbers sprayed                                         ³
³                                                                 ³
³     - Rubber and plastic latexes                                ³
³     - Polyurethanes                                             ³
³                                                                 ³
³o Synthetic polymeric membranes                                  ³
³                                                                 ³
³     - Butyl rubber                                              ³
³     - Ethylene propylene rubber (EPDM)                          ³
³     - Chlorosulfonated polyethylene                             ³
³     - Chlorinated polyethylene (CPE)                            ³
³     - Polyvinylchloride (PVC)                                   ³
³     - Polyethylene (PE)                                         ³
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÙ
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    Methane, like carbon dioxide, is odorless.  However, unlike carbon
dioxide, methane is relatively insoluble in water.  When methane is prese
in air in concentrations between 5 and 15 percent, it may be explosive.
Methane can move both vertically and laterally from the landfill under a
pressure gradient or a concentration gradient (diffusion).  Generally, it
vents into the atmosphere, where it is harmlessly dissipated.  However,
migrating landfill gas can seep into buildings, utilities, or other enclo
spaces, and create a hazardous condition.  Migrating gas can also damage
vegetation on the surface of a surrounding landfill by displacing oxygen
from the root zone.  The final landfill cover (e.g. soil, pavement,
vegetation) can influence the extent of vertical and lateral landfill gas
migration.  Landfill gas is known to have migrated laterally several hund
feet from landfill sites.

    In order to determine whether a potential hazard exists due to
subsurface migration of LFG, a monitoring system is generally installed. 
typical monitoring system consists of a series of monitoring wells
constructed between the landfill and the area of concern (e.g., an inhabi
structure).  The wells are generally equipped with one to three monitorin
probes for detecting LFG concentrations.  Figure 19 shows a typical
monitoring well configuration.

    When monitoring wells indicate migration of potentially hazardous lev
of methane gas (5 percent or greater), gas migration controls are require
(RCRA requires that methane levels be maintained at 5 percent or 1 less a
the property boundary of the landfill, and less than 1.25 percent in any
onsite structures.)  Gas control techniques can generally be classified i
two categories: passive or active methods.  These methods are outlined in
Table 23.

    The various passive type LFG control systems commonly used are
illustrated on Figures 20 and 21, Figure 22 illustrates a typical landfil
gas extraction well configuration, and Figure 23 illustrates a forced air
injection and landfill gas extraction system.

    As shown on Figure 20, LFG interceptor trenches, barrier trenches, an
combination interceptor and barrier trenches are installed between the
landfill and the structure(s) to be protected, or between the landfill an
the property line if the structure is located offsite.  Generally, trench
are installed as close to the structure(s) property line as practical to 
protected.  Sufficient space should be left between the structure(s) or
property line to allow for installation of monitoring wells to monitor
trench effectiveness.

    The spacing (D) of the air injection and gas extraction wells shown o
Figure 23 is dependent upon several factors including:

    a)  Landfill depth.
    b)  Horizontal versus vertical soil permeabilities in which wells
are placed.
    c)  Distance between the landfill and structure(s) property line to
be protected.

    Figure 24 provides an example calculation for determining injection a
extraction well spacing in soil.
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                                  Table 23
                 Control Techniques for Landfill Gas (LFG)

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³            Method                                          Comments    
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³PASSIVE SYSTEMS                                                         
³                                                                        
³Gravel-filled trenches or low-permeability          Trenches and barrier
³barriers installed between the landfill             effective they air a
³and the area to be protected (see Figure            landfill or extend t
³20).                                                groundwater surface.
³                                                                        
³Synthetic membrane barriers installed               Membranes control ve
³beneath or within the building floor,               migration into struc
³slab (see Figure 21).                               System most effectiv
³                                                    submembrane ventilat
³                                                    (e.g., a gravel laye
³                                                    vent pipes). Suffici
³                                                    must be provided to 
³                                                    pressure buildup und
³                                                                        
³Raised floor foundation with natural                The number and size 
³ventilation of the subfloor area.                   openings should be c
³                                                    (e.g., provide a saf
³                                                                        
³A combination of the above.                                             
³                                                                        
³ACTIVE SYSTEMS                                                          
³                                                                        
³Vacuum extraction (see Figures 22,                  Systems draw LFG fro
³23, and 24).                                        landfill or surround
³                                                    a central location v
³                                                    compressor where the
³                                                    flared or otherwise 
³                                                    control odors.  LFG 
³                                                    the subsurface envir
³                                                    a well system or a g
³                                                    trench.             
³                                                                        
³Forced air injection (see Figures 22,               Systems are effectiv
³23, and 24).                                        lateral LFG migratio
³                                                    injected into the so
³                                                    landfill via either 
³                                                    gravel-filled trench
³                                                    "curtain" or barrier
³                                                    migration.  Forced a
³                                                    also be used to flus
³                                                    subfloor and subslab
³                                                    of structures locate
³                                                    landfill sites.     
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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    Landfill gas recovery systems are similar to extraction type landfill
gas control systems except that the objective is recovery of combustible
gases rather than migration control.  Recovery systems are designed to
recover as much landfill gas as practical from the landfill while extract
at a rate that does not introduce air into the landfill through the surfa
or sideslopes.  Air kills the methane producing anaerobic bacteria and co
inadvertently begin a fire in the fill.  Typical landfill gas generation 
recovery rates for a landfill range from 0.04 to 0.15 cubic feet per poun
(0.003 to 0.009 cubic meters per kilogram) per year.

    Extracted landfill gas can be used as recovered with some minor
processing (e.g., moisture dropout) for use as a medium-Btu (e.g., 500 Bt
per cubic foot [18 620 kilojoule per cubic meter]) boiler fuel or for
powering a gas turbine or internal combustion engine to generate
electricity.  Recovered landfill gas can also be upgraded to pipeline
quality gas (i.e., 1,000 Btu per cubic foot [37 245 kilojoule per cubic
meter]) by various methods for introduction into the natural gas
distribution system.  The upgrading of recovered landfill gas to pipeline
quality gas is very capital-intensive and would not generally be practica
for construction of a Navy installation.

7.4.5.3  Odors.  Odors originate from the waste as it is delivered; from
decomposing waste in place at the landfill; and from leachate seeps, pond
and treatment systems.  Odors from refuse can usually be mitigated by
applying cover rapidly and ensuring that the cover is maintained intact.

7.4.5.4  Noise.  Noise sources at landfills include operating equipment a
haul vehicles.  Generally, the noise is similar to that generated by any
heavy construction activity, and is confined to the site and the streets
used to bring solid waste to the site.  To minimize the effect, every
effort should be made to route traffic through the least populated areas.
Further, the site can be isolated so that the noise cannot carry to nearb
neighborhoods.  The use of earthen berms and trees as noise barriers can 
very effective.  On the site, noise protection for employees will be
governed by existing Occupational Safety and Health Act (OSHA) standard, 
CFR 1910.95, Occupational Noise Exposure.

7.4.5.5  Air Pollution.  The two sources of air pollution (other than fro
odor and dust) are from the equipment working on the site and from vehicl
bringing refuse to the site.  Proper control of equipment emissions shoul
minimize any potential air pollution sources.

7.4.5.6  Fires.  Fires in landfills can result from the unknowing disposa
of a hot load, sparks from vehicles, or deliberate ignition.  The latter 
prohibited at a well-run sanitary landfill.  Hot loads can be minimized b
proper policing of incoming trucks; these loads should be deposited away
from the working face and immediately extinguished by water or covering w
soil.  Adequate daily soil cover and cover between cells are helpful in
preventing and controlling fires by providing natural barriers.
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7.4.5.7  Vectors.  Vectors at landfills include flies, mosquitos, and
rodents.  Flies can be best controlled by placing adequate compacted cove
soil as frequently as possible.  Studies have shown that a daily cover
consisting of 6 inches (150 millimeters) of compacted low-clay content so
will prevent fly emergence.  However, even under the best of conditions, 
landfill should have a regular inspection and fly control program.  Mosqu
control is best accomplished by preventing development of stagnant water
bodies anywhere on the site.  Continuous grading to fill low spots is
essential.

    Occasionally, rats and mice are delivered to the site along with the
solid waste.  If harborage is available adjacent to the site or in some
neglected area of the site, extermination will become necessary.  This is
best conducted by the local health department or an experienced commercia
exterminator.  Employees should be trained to recognize burrows and other
signs so that control can be accomplished before a problem arises.

7.4.5.8  Storm Water Management.  All upland drainage should be diverted
around the landfill.  Drainage may be channeled under the landfill via an
enclosed pipe, but only if absolutely necessary.  The drainage channels m
be i constructed of earth, corrugated metal pipe (CMP), sodded
gunite-swales, and stone-lined swales.  If the access or onsite roads of
the landfill are paved, they may be used to channel drainage across a
landfill.  Drainage structure sizing should be based on hydrology studies
and hydraulic design for the specific site.  Design storm frequency
selection should be consistent with state or local ordinances and
calculation procedures.

    On the landfill itself, all active and completed site working areas
should be properly graded.  The surface grade should be greater than 2
percent to promote runoff and inhibit ponding of precipitation, but less
than 5 percent to reduce flow velocities and minimize soil erosion.  If
necessary, siltation ponds should be constructed to settle the solids
contained in the runoff from the site.  Straw bales, berms, and vegetatio
may supplement ponds or be used in conjunction with them to control runof
velocities and siltation on the site.  Since the location of active fill
areas are constantly changing, portable drainage structures may be more
economical than permanent facilities in some instances.

7.4.5.9  Access Roads.  As a minimum, a paved onsite road should be provi
from the public road system to the site.  The onsite roadway should be 20
24 feet (6 to 7 meters) wide for two-way traffic.  For smaller operations
15 feet (5 meters) wide road can suffice.  As a minimum, the roadway shou
be gravel-surfaced in order to provide access regardless of weather
conditions.  Grades should not exceed equipment limitations.  For loaded
vehicles, most uphill grades should be less than 7 percent and downhill
grades less than 10 percent.

    Temporary roads are used to deliver the solid waste to the working
area from the permanent road system.  Temporary roads may be constructed 
compacting the natural soil present and by controlling drainage, or by
topping them with a layer of gravel, crushed stone, cinders, crushed
concrete, mortar, bricks, lime, cement, or asphalt binders to make the ro
more serviceable.
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7.4.6  Soil Availability.  The estimated quantity and adequacy of onsite
soil for use as cover soil will have been determined during the site
selection process.  The logistics of soil excavation, stockpiling, and
placement should be more thoroughly evaluated during design.  Excavation 
stockpiling of soil should be closely coordinated with soil use for the
following reasons:

    a)  Soil determined to be readily excavatable and suitable for use as
cover may be located in only certain areas of the site.  The excavation p
should designate that soil be removed from these areas before filling has
proceeded atop them.
    b)  Accelerated excavating programs may be desirable during warm weat
to avoid the need to excavate frozen soil during cold weather.
    c)  Soil stockpiles should be located out of the way of haul vehicles
using the landfill, but convenient for daily placement of cover.  This
consideration is critical in order to avoid unnecessary material handling
and to maintain a clean site.
    d)  Soil stockpiles should be laid out and maintained to minimize
erosion from rainfall runoff.
    e)  Stockpiling of soil atop already filled areas can accelerate
settlement, thereby increasing site capacity.

7.4.7  Special Working Areas.  Special working areas should be designated
the site plan for inclement weather (e.g., wet weather), special wastes, 
other contingency situations.  Access roads to these areas should be of
all-weather construction and the area kept grubbed and graded.  Arrangeme
for special working areas may include locating such areas closer to the
landfill entrance gate.  If private vehicles deliver waste, an onsite
transfer station or solid waste bin can be maintained to reduce passenger
car and truck traffic conflicts.

    In addition to being readily accessible, areas for disposal in inclem
weather should be constructed to allow unhindered refuse disposal.  Vehic
should not become mired in a muddy surface.  All rainfall runoff should b
diverted around or away from these areas.  They should either be construc
on natural ground or over refuse which has been in place for preferably o
a year, and which is covered with a compacted soil layer a minimum of 2 f
(0.6 meter) thick.  In either case, a final, low moisture-penetrating,
hardened surface (such as crushed rock or crushed concrete) should be pla
atop the inclement weather area.

7.4.8  Buildings and Structures.  Buildings and structures typically
provided at landfill sites include:

    a)  Office.
    b)  Employee facilities (e.g., lunchroom, showers, sanitary
facilities).
    c)  Equipment storage and maintenance.
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    Buildings on sites that will be used for less than 10 years can be
temporary, mobile structures.  If possible, structures or buildings shoul
be located on natural ground a sufficient distance from the landfill to
preclude hazard from subsurface LFG migration.  A good rule of thumb is a
minimum distance of 1000 feet (310 meters) from the landfilling area.
However, a greater distance may be required if the subsurface soils are
highly permeable and upward migration of LFG to atmosphere through the
surface is impeded by vegetation or pavement.  If this is impractical, th
design and location of all structures should consider gas movement and, i
located over refuse, the differential settlement caused by decomposing so
waste.

7.4.9  Aesthetics.  Maintaining a satisfactory appearance at the landfill
an effective means of promoting good relations and ensuring user cooperat
in landfill operations.  When clearing the area, trees and bushes can be
left at or transplanted to the perimeter of the site to provide screening
and buffering.  The entrance and weigh station should be attractive, as
should other facilities.  Completed areas should be landscaped as soon as
possible after completion.

7.4.10  Scales.  Recording the weights of solid waste delivered to a site
can help regulate the landfill operation as well as the solid waste
collection system that serves it.

    Scales range from simple, separate axle-loading scales to sophisticat
electronic scales that feature printed outputs.  Usually a portable scale
is sufficient for small operations with a limited site life.

    Alternatively, smaller sites may elect to use a portable scale once a
year for a week or so to record "typical" waste quantities.

    The platform and scale should be compatible with the trucks and loads
that are routinely handled at the site.  In most cases, a platform betwee
10 and 35 feet (3 to 11 meters) will be sufficient for collection vehicle
and one of 50 feet (15 meters) will handle most trucks with trailers.  A
scale that records up to 35 tons (31 800 kilograms) should be adequate fo
most landfills.

7.4.11  Utilities.  Larger landfills should have electrical, water,
communication, and sanitary services.  Remote sites may have to extend
existing services or use acceptable substitutes.  Portable chemical toile
can be used to avoid the high cost of extending sewer lines; potable wate
may be trucked in; and an electric generator may be used instead of havin
power lines run into the site.

    Water should be available for drinking, dust control, washing mud fro
haul vehicles before entering the public road, employee sanitary faciliti
and fire control.  A sewer line may be desirable, especially at large sit
for conveying leachate to the domestic wastewater treatment plant.

    Telephone or radio communications may be necessary since accidents ca
occur that necessitate the ability to respond to calls for assistance.
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7.4.12  Fencing.  Access to landfills should be limited to one or two
entrances that have gates that can be locked when the site is unattended.
Depending on the topography and vegetation on the site and adjoining area
entrance gates may suffice to prevent unauthorized vehicular access.  At
some sites it is desirable to construct periphery fences to keep out any
trespassers and animals.

    Fencing requirements will be greatly influenced by the relative
isolation of the site.  Sites close to housing developments may require
fencing to keep out children and to provide a visual screen for the
landfill.  Landfills that are in relatively isolated areas or a shore
installation may require a less expensive fence or only fencing at the
entrance and other places to keep out unauthorized vehicles.

    If vandalism and trespassing are to be discouraged, a 6-foot
(1.8- meter) high chain link fence is desirable (although expensive).  A
wood fence or a hedge may be used to screen the operation from view.  A
4-foot (1.2-meter) high barbed wire fence will keep cattle or sheep off t
site.

    Portable fencing at the working face will help contain wind-blown
litter.  For trench operations, a 4-foot (1.2-meter) fence will usually b
adequate, but 6 to 10 feet (1.8 to 3 meters) or higher litter fences may 
necessary in area operations.  Specially designed portable litter fences 
available that are easily moved across the working face.

7.4.13  Lighting.  If disposal operations occur at night, portable lighti
should be provided at the operating area.  Alternatively, lights may be
affixed to haul vehicles and onsite equipment.  These lights should be
situated to provide illumination to areas not covered by the regular
headlights of the vehicle.

    If the landfill has structures (employee facilities, administrative
offices, equipment repair or storage sheds, etc.), or if there is an acce
road in continuous use, permanent security lighting might be desirable.

7.4.14  Wash Rack.  To prevent trucks from carrying litter and mud on
surrounding roadways, the design plans should include a washrack.  This i
particularly true in large sites, in wet climates where the soil is heavy
and for sites near residential or commercial areas.

7.4.15  Landscaping.  Landscaping for the site should be selected based o
the following criteria:

    a)  Proposed interim and end uses.
    b)  Degree of tolerance to adverse soil conditions (e.g.,
concentrations of landfill gas in the soil interstices).
    c)  Depth of root zone.
    d)  Amount of water required to sustain growth.
    e)  Final landfill configuration.
    f)  Ability to control erosion.

    Table 24 lists several trees and grasses that have proven to be
tolerant to conditions at sanitary landfills.
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                                  Table 24
                    Some Vegetation Found to Be Tolerant
                          to Landfill Environments

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³                                    Trees                               
³                                                                        
³                                  Black Gum                             
³                                 Japanese Yew                           
³                             Japanese Black Pine                        
³                                 Norway Spruce                          
³                                     Birch                              
³                                  Eucalyptus                            
³                                                                        
³                                    Grasses                             
³                                                                        
³                                 Weeping Love                           
³                               Reed Canary-rye                          
³                                  K31-rye                               
³                                Perennial rye                           
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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7.5  Equipment.

7.5.1  Introduction. Equipment at solid waste landfills should be selecte
in relation to the following parameters:

    a)  Waste quantities and types to be handled, including peak waste
quantities and projected future waste quantities.
    b)  Daily and seasonal variations.
    c)  Soil excavation, haul, and cover application, including type
and quantity of onsite soils and haul distance.
    d)  Time requirement for waste covering and soil compaction.
    e)  Site conditions, including clearing and grubbing requirements,
topography, and climate.
    f)  Auxiliary functions, including road construction and
maintenance, construction and maintenance of drainage facilities, assista
with vehicle unloading, and movement of other materials or equipment at t
site.
    g)  Standby or backup equipment needs.
    h)  Maintenance requirements, including maintenance history and
record at other sites, and availability of parts or of manufacturers loca
skilled maintenance personnel.
    i)  Operator comfort.
    j)  Costs.

7.5.2  Equipment Types and Characteristics.  Figure 25 illustrates the
major types of earthmoving and compaction equipment commonly found in
landfill sites.  In general, sanitary landfills sized for Navy shore
installations would require one or two of the equipment units discussed
below.

7.5.2.1  Track Machines.  As a result of their versatility, track machine
are one of the most commonly used machines at solid waste landfills.  The
are two types:  dozers and loaders.  Other common names for them are
bulldozers, crawler dozers, track dozers, track loaders, crawler loaders,
front-end loaders, and bullclams; trade names are also used.  They all ha
good flotation and traction capabilities because their self-laying tracks
provide large ground contact areas.  Track machines are excellent for
excavation work and moving over unstable surfaces, but they can only oper
at about 3 to 4 miles (5 to 6 kilometers) per hour, in forward or reverse

    The track dozer is excellent for grading and can be economically used
for spreading waste or earth over distances of up to 300 feet (91 meters)
It is usually fitted with a straight dozer blade for earthwork; however, 
solid waste, it should be equipped with a U-shaped blade that has been
fitted with a top extension (trash or landfill blade) to push more solid
waste.

    Waste densities achieved with a track dozer generally range from 800 
1,000 pounds per cubic yard (475 to 600 kilograms per cubic meter) or
greater, depending on the solid waste composition and skill of the operat
The track loader is able to spread less solid waste than the track dozer;
however, the track loader is an excellent excavator and can carry soil
(economically) as much as 300 feet (91 meters).

                                  5.10-100



                                 



7.5.2.2 Rubber-Tired Machines.  Both dozers and loaders are available wit
rubber-tired wheels.  Rubber-tired machines are not generally used at sol
waste landfills, since operating conditions can cause tire punctures.
Moreover, the rough spongy surfaces at landfills, combined with reduced
traction and flotation, limit the effectiveness of rubber-tired machines 
spreading wastes, grading, and excavating.

    Because of its high operating speed, up to 29 miles (47 kilometers) p
hour on solid ground, the rubber-tired loader is suited for carrying cove
material economically over distances of up to 600 feet (180 meters), and 
putting cover material into haul trucks.  Rubber-tired machines used
extensively on landfills should be equipped with steel-guarded tires (roc
tires).  Alternatively, tires can be filled with foam to reduce the
frequency of punctures.  Solid waste compaction densities of 900 to 1,100
pounds per cubic yard (530 to 650 kilograms per cubic meter) can be obtai
using a wheel loader.

7.5.2.3  Landfill Contractors.  Several equipment manufacturers market
landfill compactors equipped with large trash blades.  In general, these
machines are modifications of road compactors and log skidders.  The powe
train and structure of landfill compactors are similar to those of
rubber-tired machines, and their major asset is their steel wheels.  The
wheels are either rubber tires sheathed in steel or hollow steel cores.
Both types are studded with load concentrators.  Rubber-tired dozers and
loaders have also been modified for use as landfill compactors.

    Steel-wheeled landfill compactors impart greater crushing and compact
effort than do rubber-tired or crawler machines.  A large landfill compac
can reportedly produce in-place solid waste densities of 1,200 to 1,600
pounds per cubic yard (710 to 950 kilograms per cubic meter).

    The landfill compactor is an excellent machine for spreading and
compacting on flat or level surfaces and operates fairly well on moderate
slopes, but it lacks traction when operating on steep slopes or when
excavating.  For this reason, landfill compactors are best used for
spreading and compacting solid waste and cover material, and an additiona
piece of equipment will be required for soil excavation, hauling, and
spreading.  If the cover material is clay, it may become lodged between t
load concentrators (together with solid waste).  When this occurs, the
concentrators must be continually scraped with cleaner bars.

7.5.2.4  Scrapers.  Scrapers are excellent for earthmoving and excavation
Scrapers are also effective in applying interim and final cover.  Because
their tires are susceptible to punctures on landfills, and because of the
low clearance, they are not well suited for applying cover directly over
waste.  However, they are useful for applying cover over daily and interi
soil layers.  There are three types of scrapers: nonmechanized pulled
scrapers, self-propelled scrapers, and self-loading elevating scrapers.

    Pulled scrapers require the use of a track dozer for excavation and
hauling operations.  They are most appropriate for use on small landfills
Although pull scrapers are low-production machines, they are inexpensive 
purchase and maintain.
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    Self-propelled and self-loading elevating scrapers are particularly
useful in Sites that require extensive soil stockpiling and handling.  Th
can economically haul cover soil over distances in excess of 1,000 feet (
meters).  Hauling capacities range from 9 cubic yards (7 cubic meters) to
just over 50 cubic yards (38 cubic meters).

    Because self-propelled scrapers are costly to purchase, smaller sites
should investigate leasing, renting, borrowing, or contracting arrangemen
before purchasing.  For example, a single scraper, operating for a month 
less, could excavate and stockpile enough soil for an entire year for sma
landfills.

7.5.2.5  Draglines.  The dragline is an excellent excavating machine.
However, since the unit cost of excavating soil with a dragline is higher
than that of scrapers, its use is usually limited to sites with high
rainfall or wet soils, where its ability to excavate soils while based in
one location enables it to operate effectively.  The dragline is most
commonly found at large landfills where the trench method is used or wher
cover material is obtained from a borrow pit.  As a rule of thumb, the
boom length should be two times the trench width.  Buckets used at
landfills usually range from 1 to 3 cubic yards (0.8 to 2.3 cubic meters)

7.5.3  Equipment Selection.  No one machine is capable of performing all
functions equally well.  However, for the majority (if not all) Naval bas
landfills, one piece of equipment (e.g., a track loader) could suffice as
the only piece of full-time equipment required for landfilling operations
Guides that have been proposed by equipment manufacturers and others shou
be considered only rough estimates of equipment needs for a particular
landfill (see Table 25).

7.6  Closure and Postclosure.  A sanitary landfill should be closed in
accordance with the design plan prepared for the site.  Prior to closure,
is expeditious to have determined the site's end use.  A discussion of
possible end uses is given in Table 26.

    Once the site closure plan has been approved and the site closed in
accordance with that plan, the postclosure monitoring and maintenance per
will then begin. closure and postclosure monitoring activities include:

    a)  Bringing all areas of the site surface to final grade.
    b)  Application of final cover soil.  The minimum depth of final
cover should be 2 feet (0.6 meter).  To cut down on water infiltration,
additional cover thickness or a specialized cover configuration (see
Figure 26 derived from California Water Regulations, subchapter 15, Waste
Disposal to Land) may be required. Also, site areas landscaped with deep
rooted plants will require greater soil depths, perhaps up to 5 or 6 feet
(1.5 to 1.8 meters).
    c)  Construction of all permanent drainage facilities.
    d)  Completion of site landscaping for aesthetics and dust and
erosion control.
    e)  Installation of permanent leachate and gas control or recovery
facilities that may not have previously been installed.
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                                  Table 25
                       Waste Handling and Compaction
                         Equipment Sizing Table[*]

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ Solid Waste                                                            
³   Handled       Equipment           Track-Type       Track-Type     Whe
³   (Tons/8     Characteristics         Tractor           Loader       Co
   Hours) [+]                                                            
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³ Up to 40        Horsepower            75 - 80          75 - 80         
³                                                                        
³                 Wt. (kips)[#]         16 - 20          21 - 25         
³                 Blade (ft)[**]         8 - 10-1/2                      
³                 Bucket (ydÀ3Ù)[++]                  1-1/4 - 1-1/2      
³  25 - 90        Horsepower           105 - 140         95 - 130      15
³                 Wt. (kips)            26 - 32          27 - 33        3
³                 Blade (ft)        10-1/4 - 12                          
³                 Bucket (ydÀ3Ù)                       1-3/4 - 2         
³  60 - 180       Horsepower           140 - 150         130 - 145     15
³                 Wt. (kips)            30 - 32           32 - 34       3
³                 Blade (ft)        10-1/4 - 12-3/4                     1
³                 Bucket (ydÀ3Ù)                       1-3/4 - 2-1/4     
³ 125 - 225       Horsepower           150 - 190         190 - 200     17
³                 Wt. (kips)            41 - 49           48 - 50       3
³                 Blade (ft)        11-1/2 - 14-1/4                     1
³                 Bucket (ydÀ3Ù)                       2-1/2 - 3-1/4     
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
                                                                         
[*]   Based on ability of one machine in stated class to spread, compact,
        within 300 ft (92 meters) of working face.

[+]   1 ton/8 hours = 0.90718 metric tons/8 hours.

[#]   1 kip = 453.6 kg.

[**]  1 ft = 0.305 m.

[++]  1 ydÀ3Ù = 0.7646 MÀ3Ù.
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                                  Table 26
                        End Uses for Landfill Sites
                                                                         
ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³        End Use                               Comments                  
³ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³Recreation                         Major problems encountered include   
³                                   damaged landscaping due to landfill  
³- Golf courses                     gas settlement (generally only       
³                                   a major problem in ballfields or     
³- Parks and Play areas,            other developed areas); broken       
³  including ball diamonds          water irrigation lines due to        
³                                   differential settlement.             
³- Archery ranges                                                        
³                                                                        
³- Open space with passive                                               
³  recreation; walking,                                                  
³  bird walking, etc.                                                    
³                                                                        
³Commercial and Light               Typically, the structures are placed 
³Industrial Development             on piles to Protect against different
³                                   settlements. Although some small buil
³                                   (10 feet x 15 feet [3 meters x 5 mete
³                                   have been constructed using floating 
³                                   foundations. Significant maintenance 
³                                   required in both cases: landfill grad
³                                   adjacent to buildings on piles requir
³                                   almost continuous raising due to sett
³                                   and areas adjacent to buildings place
³                                   floating slabs require periodic level
³                                   and adjustment of surface grades due 
³                                   differential settlement.             
³                                                                        
³Landfill Gas Recovery              Landfill gas can be recovered in conj
³                                   with other site end uses, including  
³                                   recreation, commercial development, e
³                                   Coordination between activities is im
³                                   since access to recovery wells and   
³                                   collection header piping must be main
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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    f)  Approval of site closure plan report.  Many states require that a
final site closure plan report be submitted for approval before a landfil
site can be officially closed.  The closure plan report incorporates the
above-mentioned activities.  The required components of the closure plan
report are given in Table 27.
    g)  Postclosure monitoring.  The monitoring schedule will call for
frequent monitoring initially (e.g., once per month) with these frequenci
generally reduced after a year or so if there are no problems during that
time.  Postclosure monitoring elements to be covered include:

         1)  Groundwater quality.
         2)  Leachate volumes generated and effectiveness of leachate
control facilities in controlling infiltration into groundwater.
         3)  Surface water quality.
         4)  Effectiveness of landfill gas control facilities in
controlling landfill gas migration.
         5)  Settlement and subsequent surface ponding.

    h)  Postclosure maintenance.  Maintenance of mechanical items will
generally be per manufacturer's recommendation.  Maintenance frequencies 
other items will be based on need.  Typical maintenance items include:

         1)  Clearing drainage and flood control facilities of debris
(e.g., mud, leaves, and plant growth if natural channels are employed).
         2)  Filling surface depressions caused by differential
settlement.
         3)  Replacement of trees and other vegetation destroyed by
landfill gas in the root zone.
         4)  Eroded slopes.
         5)  Ensure that landfill gas control equipment is working and
is being utilized.
         6)  Maintain pumps to remove collected leachate.
         7)  Repair damaged road surfaces.

7.7  Personnel.  The variety of positions and subsequently, the number of
employees required at a landfill depends on the size of the operation.  F
small sites handling less than 50 to 70 tons (45 to 64 metric tons) per d
a single full-time operator may be able to satisfactorily operate equipme
record waste quantities, and perform administrative and maintenance
functions.  Larger sites will require more positions, including one or mo
of the following:

    a)  Supervisor
    b)  Equipment operator.
    c)  Check station attendant.
    d)  Mechanics.
    e)  Laborers.
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                                  Table 27
                Required Components of a Closure Plan Report

ÚÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
³                                                                        
³o  Boundaries of areas used for waste disposal.                         
³                                                                        
³o  Location and type of drainage facilities installed.                  
³                                                                        
³o  An estimate of anticipated settlement.                               
³                                                                        
³o  Final cover soil thickness and physical characteristics (e.g.,       
³   permeability).                                                       
³                                                                        
³o  Groundwater protection features and monitoring provisions.           
³                                                                        
³o  Landfill gas protection features and monitoring provisions.          
³                                                                        
³o  Proposed future use for completed site:                              
³                                                                        
³   -  Type of vegetation.                                               
³   -  Irrigation requirements.                                          
³   -  Type of development planned, if any.                              
³                                                                        
³o  A post-closure monitoring and maintenance plan and schedule, includin
³   contingency plans if monitoring indicates any deficiencies.          
³                                                                        
ÀÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
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7.8  Management.  The manager of a landfill site has the following
responsibilities:

    a)  Assure that operations are in conformance with design plans and
regulations.
    b)  Strive to make daily operations run smoothly.
    c)  Maintain site security.
    d)  Purchase equipment and assure appropriate maintenance.
    e)  Personnel training and safety.
    f)  Personnel and user relations.
    g)  Record keeping (equipment, personnel, and operations).
    h)  Budgets.

7.9  Costs.  It is important to keep cost records. Figures 27 through 29
illustrate cost accounting forms for land, equipment, and other facilitie
The figures are taken from SCS Engineers, Sanitary Landfill Design and
Operations Practices.  Some of the columns may therefore not be applicabl
to the Navy.

    Sanitary landfill costs can be categorized into capital costs and
operating costs.

7.9.1  Capital Costs.  Capital costs are meant to include all initial
expenses required prior to the startup of operation.  Capital costs
generally include:

    a)  Land acquisition.
    b)  Planning and design.
    c)  Site preparation (i.e., clearing and grubbing, road
construction, surface water and leachate controls, soil stockpiles,
monitoring).
    d)  Facilities (i.e., offices, personnel shelters, garages, etc.).
    e)  Equipment purchase.  The cost of equipment may be the greatest
portion of initial expenditures.  The landfill equipment market is
competitive, but rough approximations of costs can be obtained from a loc
equipment supplier.  As a rule of thumb, a piece of landfill equipment us
for excavating, spreading, and compacting has a useful life of 5 years or
10,000 operating hours, whichever comes first.  Due to the high cost of
equipment, however, it may be prudent to overhaul the machine at the end 
5 years or 10,000 operating hours, and then replace the machine after
another 2 to 3 years, or 5,000 to 7,000 hours.

7.9.2  Operating Costs.  Operating costs are expenses incurred during the
ongoing operation of the landfill.

    It is common to compute operating costs as cost per unit of solid was
received.  This is usually expressed in dollars per ton, or occasionally 
dollars per cubic yard.  Figure 30 is an example of an accounting form us
to record operating costs.  Using the depreciation schedule, capital and
operating costs are combined and expressed as total costs per unit of sol
waste disposed.  A more complete discussion of landfill costs is presente
in Booz, Allen, and Hamilton, Cost Estimating Handbook for Transfer,
Shredding, and Sanitary Landfilling of Solid Waste.

                                  5.10-109



                                  



                                 



                                  



                                 



    Typical costs are difficult to assess since local conditions vary
considerably.  A hauling operation that has good roads, light traffic, an
moderate weather conditions would have a lower cost than the average.
Operating costs generally include:

    a)  Equipment fuel.
    b)  Equipment maintenance and parts.  Equipment maintenance and repai
costs (both parts and labor) vary widely; but assuming a useful life of
10,000 hours, maintenance costs can be expected to total approximately
one-half of the initial cost of the machine.  To make these costs more
predictable, most equipment dealers offer lease agreements and maintenanc
contracts.  Long downtimes usually associated with major repairs can be
reduced by taking advantage of programs offered by equipment dealers.
    c)  Office trailer rental.
    d)  Supplies and materials.
    e)  Utilities (i.e., electricity, heating oil, water, sewer, gas
telephone, etc.).
    f)  Laboratory analyses.
    g)  Personnel.
    h)  Ongoing inspection and engineering.
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                               Facilities

      DM-5.14                  Groundwater Pollution Control

      MO-213                   Solid Waste Management
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Act (OSHA) Standard, available from superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402.
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Phase II of the Waste Assessment for Navy Shore Activities: Proposed Surv
Method, Naval Civil Engineering Laboratory Technical Notes TN-1712,
available from Naval Civil Engineering Laboratory, Port Hueneme, CA 93043
October 1984.

Recommended Design of 50 TDP Facility, Naval Civil Engineering Laboratory
84.014, available from Naval Civil Engineering Laboratory, Port Hueneme,
CA 93043.

Resources Conservation and Recovery Act of 1976, Subtitle C of Public Law
94-580, available from Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.

Stearns, Conrad, and Schmidt Engineers, 4014 Long Beach Boulevard, Long
Beach, CA 90807

    Analysis of Responses to Questionaires for Naval Shore Facilities, So
Waste Management Practices and Procedures, CR 73.012

    Sanitary Landfill Design and Operation Procedures, EPA Contract No.
68-01-3915

    Solid Waste Composition and Emission Factors for Selected Naval
Activities, CR 73.011

Waste Disposal to Land, Subchapter 15, California water Regulations,
California State Resources Central Board, Division of Water Quality, P.O.
Box 100, Sacramento, CA 95801
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